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SUMMARY
( I )  R ecent re s e a rc h  on Duchenne m uscu lar dystro p h y  len d s su p p o rt 
to  th e  n o tio n  t h a t  th e  g e n e t ic  d e fe c t  may a f f e c t  th e  s u r fa c e  
membranes o f  n o t on ly  m uscle c e l l s  b u t o th e r  c e l l s  p a r t i c u l a r ly  
e ry th ro c y te s .  A b n o rm alities  in  th e  c o n te n t and com positions o f f a t t y  
a c id s  and p h o sp h o ry la tio n s  o f some e ry th ro c y te  membrane iJ ro te in s
have been re p o r te d  in  su p p o rt o f t h i s  h y p o th e s is .  SDS g e l  e le c tro p h o re s is  
l^ a tte rn s  o f  e ry th ro c y te  membrane p ro te in s  from Duchenne m uscular 
d y s tro p h y  were r e p o r te d  to  be norm al. In  t h i s  r e p o r t ,  SDS g e l 
e le c t ro p h o re s is  o f  e ry th ro c y te  membrane p ro te in s  p rep a red  by hypotononic 
l y s i s  o f  re d  b lo o d  c e l l s  a t  pH8 , were n o t ab le  to  show any d if f e re n c e s  
betw een sam ples from Dichenne m uscu lar dystrophy  p a t ie n ts  and th o se  
from  norm al c o n t ro l  s u b je c t s .  The r e l a t i v e  i n t e n s i t i e s  o f th e  
I^ ro te in  bands v a r ie d  from p re p a ra t io n  to  p re p a ra tio n  b u t d id  n o t 
fo llo w  a  p a t te rn  t h a t  cou ld  d i s t in g u is h  c o n tro l  sam ples from t e s t  
sam p les. Two d im en sio n a l g e l  e le c tro p h o re s is  o f  com ple te ly  
d e n a tu re d  e ry th ro c y te  membrane i r o t e in s  re so lv e d  over IfO  i^ p t id e s  in  
9^  g e ls  and over 200 p e p tid e s  in  g e ls  above 12^ , b u t no c o n s is te n t  
d if f e r e n c e s  were observed  betw een Duchenne m uscular d y s tro jh y  sam ples 
and th o se  from c o n tro l  s u b je c t s .
( I I )  A lthough c y s t i c  f i b r o s i s  i s  th e  most f re q u e n t l e t h a l  
g e n e t ic  syndrome among C aucasian  c h i ld r e n ,  th e re  i s  no Imown b io ch em ica l 
o r  s t r u c t u r a l  d e f e c t  to  acc o u n t f o r  a l l  i t s  p a th o p h y s io lo g ic a l 
phenomena. P rev io u s  r e p o r ts  in  o th e r  la b o ra to r ie s  have shown t h a t  a  
c y s t i c  f i b r o s i s  p ro te in  (CFP) cou ld  be dem onstra ted  in  s e r a  o f over
90^ o f c y s t ic  f i b r o s i s  homozygotes by i s o e l e c t r i c  fo c u s in g . The p ro te in  
was c h a ra c te r i s e d  a s  hav ing  a  m o lecu la r w eight o f  betw een 3OOO-IO 000 
and p i n e a r  %)H8.4. Our i s o e l e c t r i c  fo c u s in g  r e s u l t s  dem onstra ted  th e  
p r o te in ,  PI8 . 5 , in  4C^ o f th e  hom ozygotes, th u s  s u p p o r tin g  th e  view
t h a t  th e  procedure i s  n o t a  u s e fu l  d ia g n o s t ic  to o l  and th a t  th e  " c y s t ic  
f i b r o s i s  i r o t e in "  i s  n o t a  s p e c i f i c  m arker f o r  th e  d is o rd e r .  We 
ex ten d ed  t h i s  in v e s t ig a t io n  by l a b e l l i n g ,  w ith  a l l  th e  serum
i:ro te in s  t h a t  fo cu sed  between pH8 and pH9 and then  ru n n in g  th e  
l a b e l le d  p ro te in s  in  some 1_5  ^ SES g e l s .  The r e s u l t s  we o b ta in ed  cou ld  
n o t d is t in g u is h  c y s t ic  f i b r o s i s  sam ples from norm al c o n tro l  ones.
Some s tu d ie s  have su g g e s te d  t h a t  a  m utant form o f  a lih a -E -m ac ro g lo b u lin  
cou ld  be th e  I^ im ary  d e fe c t in  c y s t ic  f i b r o s i s  and a l s o  in  m u ltip le  
s c l e r o s i s .  To t e s t  f o r  th e  p resence  o f charge or s iz e  m u ta tio n s , 
a lp h a -2~m acroglobulin  was s u b je c te d  to  e x te n s iv e  in v e s t ig a t io n s  
by ( i )  SES g e l  e le c t ro p h o re s is  o f  i t s  h e a t  fragm en ts, ( i i )  two d im ensional 
g e l  e le c tro p h o re s is  fo llo w in g  com plete d é n a tu ra tio n  and ( i i i )  immuno- 
e le c tro fo c u s in g  o f i t s  n a t iv e  form . A lpha-2 -m acrog lobu lin  from c y s t ic  
f i b r o s i s  p a t ie n ts  cou ld  n o t be d is t in g u is h e d  from t h a t  o b ta in ed  from 
norm al c o n tro l  s u b je c ts  b u t t h a t  from m u lt ip le  s c l e r o s i s  p a t ie n ts  
showed some d i f f e r e n t  p a t te r n s .  The s ig n if ic a n c e  o f  th e  ab n o rm a lity  
o f CXgM from m u ltip le  s c l e r o s i s  p a t ie n ts  needs f u r th e r  in v e s t ig a t io n s .
E x ten siv e  two d im ensional g e l  e le c tro p h o re s is  o f whole serum fo llo w in g  
com plete d é n a tu ra tio n  were perform ed b u t th e  r e s u l t s  d id  n o t r e v e a l  
any c o n s is te n t  d if f e re n c e s  between c y s t i c  f i b r o s i s  and m u ltip le  
s c l e r o s i s  p a t ie n ts  and norm al c o n tro l  s u b je c t s .
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MUSCULAR DYSTROÎHY
1. GENERAL
"DYSTROPHY" l i t e r a l l y  means 'in a d e q u a te ly  n o u r is h e d ', from th e  
Greeks dYS ~ m is, TREIHEIN = to  n o u r ish .
The m uscular d y s tro p h ie s  have been d e f in e d  a s  he terogenous group 
o f d is o rd e r s  c o n s is t in g  o f  a  few  o f th e  in h e r i t e d  m yopath ies (myopathy “ 
n o n -neu rogen ic  neurom uscu lar d i s o r d e r ) .  Not a l l  d is e a s e s  b e a r in g  th e  
name 'm u scu la r d y s tro p h y ' a re  in h e r i t e d  e .g .  v itam in  E d e f ic ie n c y , n e i th e r  
a re  a l l  d is e a s e s  cau s in g  m uscle w astin g  and  w ealm esses c a l le d  m uscular 
d y s tro p h ie s .  M altase  d e f ic ie n c y ,  f o r  exam ple, causes m uscle w astin g  b u t 
i t  i s  n o t  c l a s s i f i e d  a s  a  d y s tro p h y . In  t h i s  r e p o r t ,  d is c u s s io n s  o f 
m uscu lar d y s tro p h ie s  w i l l  be l im i te d  to  p rim ary , g e n e t ic a l ly  d e term ined , 
p ro g re s s iv e  and d e g e n e ra tiv e  m yopath ies . The b a s ic  m uscle d e fe c t  in  
many o f  th e se  c o n d itio n s  i s  an a b n o rm a lity  in  muscle f i b r e  membranes 
(Rowland, 1976; S ch o tlan d  e t  a l . ,  1977; C arp en te r S . e t  a l . ,  1979) b u t 
th e  p rim aiy  b io ch em ical mechanism producing  t h i s  a l t e r a t i o n  i s  s t i l l  
unluiown. L abo ra to ry  f in d in g s  have r e p o r te d  in c re a s e d  a c t i v i t i e s  o f 
serum enzymes such a s  c re a t% e  k in a s e ,  a d e n y la te  Ic inase , py ruvate  k in a se ; 
h i s to lo g ic  a l t e r a t i o n s  on m uscle b io p sy ; a l t e r e d  p ro p e r t ie s  o f r e d  c e l l  
membranes; d is tu rb a n c e s  in  rib o so m a l a c t i v i t i e s  and abnorm al 
e lec tro m y o g rap h ic  r e c o rd in g s -
2 . CLASSIFICATION OF MUSCULAR DYSTROPHIES
M uscular d y s tro p h ie s  may be c l a s s i f i e d  a s  proposed and m od ified  by 
Walton and Gardner-Medwin (1974) in to
(1 ) au tosom al dom inant
( i i )  au tosom al r e c e s s iv e
and ( i i i )  X -lin k ed  r e c e s s iv e  c o n d itio n s  as  shorn  in  Table 1.
In  au tosom al dom inant in h e r i t a n c e ,  an in d iv id u a l  need  have on ly  
one gene o f a  g iven  ty p e  to  be a f f e c te d .  An a f f e c te d  in d iv id u a l  has an 
a f f e c te d  p a re n t ex ce p t in  th e  case  o f new m u ta tio n  o r incom plete  
p e n e tra n c e .
I n  autosom al r e c e s s iv e  in h e r i ta n c e ,  an a f f e c te d  in d iv id u a l  has th e  
g iven  gene in  double d ose . R e la tiv e s  a t  r i s k  a re  g e n e ra l ly  s ib l i n g s .
For o f f s p r in g  o f two c a r r i e r s ,  th e  p ro b a b i l i ty  i s  Vij. f o r  b e ing  a f f e c te d  
and V g  f o r  b e ing  a  c a r r i e r .
In  X -linked  r e c e s s iv e  in h e r i ta n c e ,  an a f f e c te d  in d iv id u a l  has no 
norm al X-chromosome. The g r e a t  m a jo r ity  o f  a f f e c te d  in d iv id u a ls  a re  
m ales. A ffec ted  in d iv id u a ls  o f  th e  same fam ily  a re  r e l a t e d  th rough  
fem a le s . A fem ale c a r r i e r  m a rr ie d  t o  a  norm al male h a s ,  in  a  g iven  
pregnancy , an e q u a l chance o f  p roducing  an a f f e c te d  m ale , norm al m ale , 
a  c a r r i e r  fem ale and a  norm al fem a le .
table 1
CLASSIFICATION OF MUSCULAR DYSTROPHIES
( i )  X-linked. r e c e s s iv e  form s :
Duchenne m uscu lar d ystrophy
B eck er-ty p e  m uscu lar dystrophy
M abry 's e t  a l .  v a r ia n t  o f m uscu lar d y stro p h y
Emery and D re ifu s s  v a r ia n t  o f m uscular d ystrophy
( i i )  X“l in k e d  dom inant form s :
M uscular d ystrophy  co n fin ed  to  fem ales
( i i i )  Autosomal r e c e s s iv e  form s :
Limb g i r d l e  m uscu lar d y s tro p h ie s  
Childhood m uscu lar d y s tro p h ie s  
C ongen ita l m uscu lar d y s tro p h ie s  
Q uadriceps myopathy
( iv )  Autosomal dom inant form s ;
F acioscapu lohum era l m uscu lar dystrophy  
D is ta l  m uscu lar d y s tro p h y  
O cular m uscu lar dy stro p h y  
O culopharyngeal m uscu lar dystro p h y  
Proxim al m uscu lar d ystrophy  
M yotonic m uscu lar d ystrophy
2 .1  Duchenne m uscu lar dy stro p h y
A lthough Duchenne i s  g e n e ra l ly  g iven  th e  c r e d i t  f o r  d e s c r ib in g  th e  
f i r s t  case  o f m uscu lar dy stro p h y  in  1861, i t  was Meryon i n  1852 who 
i n i t i a l l y  c h a ra c te r i s e d  m uscu lar dystrophy  and su g g e s te d  t h a t  i t  was a  
prim ary m uscle d is o r d e r .
Duchenne o r  p seu d o h y p ertro p h ic  d y s tro p h y  i s  a  p ro g re s s iv e  m uscu lar 
d ystrophy  in h e r i te d  a s  an X -lin k ed  r e c e s s iv e  t r a i t . E x p ress io n  o f t h i s  
syndrome occurs on ly  in  m ales b u t  in h e r i ta n c e  i s  th ro u g h  th e  fem ale 
l i n e .  The p rev a len ce  o f t h i s  syndrome i s  n e a r ly  3 in  100 000 (G ardner- 
Medwin, 19?0) and o n e - th i rd  o f  th e s e  c a se s  a r e  b e lie v e d t tolfbe new 
m utan ts (H aldane, 1935» Z atz  e t  a l . ,  1977)* The o n se t o f th e  d is e a s e  
b eg in s  in  th e  f i r s t  3 t o  5  y e a rs  o f  l i f e  and i s  c h a r a c te r i s e d  by 
wealmess o f th e  low er lim bs and p e lv ic  g i r d l e  m u sc u la tu re . In  th e  e a r ly  
s ta g e s  o f  th e  d is e a s e ,  m uscle h y p ertro p h y  o c c u rs , u s u a l ly  in  th e  c a lv e s ,  
and hence th e  term  'p se u d o h y p e rtro p h ic  d y s tro p h y '.  In  th e  e a r ly  s ta g e s  
o f  th e  d is e a s e ,  d y s tro p h ic  m uscle i s  capab le  o f r e g e n e ra tin g  sp o n tan eo u sly  
(P earso n , I 962? Hudgson e t  a l . ,  I 967? M as ta g lia  e t  a l . ,  I 969) and 
S a t e l l i t e  c e l l s  a r e  m arkedly in c re a s e d  in  numbers and th e y  show f e a tu r e s  
su g g e s tin g  th a t  th e y  a re  a c t iv a t e d  f o r  p ro te in  s y n th e s is  (Wakayama e t  a l . , 
1979) .  As th e  d is e a s e  p ro g re s s e s ,  th e  h y p e r tro p h ic  m uscles d eg en e ra te  
and a r e  re p la c e d  by f a t  and f ib ro u s  t i s s u e  (Emery, 1977)* l a t e r  sh o u ld e r  
g i r d l e  becomes in v o lv e d  and in  th e  more advanced s ta g e s  v i r t u a l l y  a l l  
th e  v o lu n ta ry  m uscles o f th e  body a r e  a t ro p h ie d  and weak. The 
r e l e n t l e s s  p ro g re s s io n  o f th e  d is e a s e  le a d s  to  th e  i n a b i l i t y  t o  walk 
w ith in  te n  y e a rs  and d ea th  from  in a n i t i o n , r e s p i r a to r y  in f e c t io n  and 
c a rd ia c  f a i l u r e ,  u s u a l ly  in  th e  second d ecade .
In  th e  i n i t i a l  b io ch em ica l s tu d ie s ,  th e re  were no s p e c i f i c  c lu e s  to  
th e  n a tu re  o f th e  g e n e t ic  a b n o rm a lity . T here was no observed  accum ula tion
5o f an abnorm al m e ta b o li te  to  p o in t  to  th e  d e fe c t iv e  enzyme and th e re  
was no o v e r t a b n o rm a lity  o f  m e ta b o lic  p a t te rn s  w ith in  m uscle .
One o f  th e  e a r l i e s t  b io ch em ica l o b se rv a tio n s  made in  Duchenne m uscu lar 
d y s tro p h y  was th e  in c re a s e d  e x c re t io n  o f c r e a t in e .  Soon a f te r ,  S ib le y  
and |(b h n in g e r (1949) were a t te m p tin g  to  e v a lu a te  th e  u se  o f serum 
a ld o la s e  a ssay  a s  a  sc re e n in g  t e s t  f o r  m alignancy when th e y  observed  
e le v a te d  a ld o la s e  a c t i v i t y  in  two Duchenne dystrophy  boys who were among 
t h e i r  c o n t ro ls .  S u b seq u en tly , a  h o s t  o f o th e r  enzymes in c lu d in g  l a c t a t e  
dehydrogenase, g lu ta m a te -o x a lo a c e ta te c  tra n sa m in a se , phosphoglucom utase, 
g ly cero p h o sp h o iso m erase , c r e a t in e  phosphokinase (E bashi e t  a l . ,  1959) 
and p y ru v a te  k in a se  (Harano e t  a l . ,  1973» A lb e r ts  e t  a l . ,  1974) were 
found to  be e le v a te d  in  Duchenne dystrophy  serum . A lthough n o t proved 
d i r e c t l y ,  i t  was assumed t h a t  th e  enzyme a c t i v i t i e s  in  s e r a  of 
a f f e c te d  p a t ie n ts  were d e r iv e d  m o stly  from m uscle sa rco p la sm . T h is  was 
su g g es ted  because th e  enzymes in v o lv ed  w ere , w ith o u t ex cep tio n , d e c re a se d  
in  m uscle sarcop lasm  (Somer e t  a l . ,  1973) w hereas membrane-bound enzymes 
d id  n o t  appear in  th e  serum . One in t e r p r e ta t io n  o f th e  in c re a se d  serum 
enzymes su g g e s ts  t h a t  th e re  i s  a  g e n e t ic  f a u l t  o f th e  muscle meiibmnes le a d in g  
to  th e  leak ag e  o f  th e  sa rc o p la sm ic  enzymes.
The d ia g n o s is  o f  Duchenne m uscu lar dy stro p h y  may be confirm ed by 
e s t im a tin g  serum c r e a t in e  phospholcinase, which i s  co n fin e d  m ostly  t o  
m uscle and c e n t r a l  nervous sy stem , and p ru v a te  k in ase  a c t i v i t i e s  and by 
m uscle b io p sy . The e s t im a tio n  o f  th e  enzyme a c t i v i t i e s  have proved to  be 
th e  m ost s e n s i t iv e  a s sa y s  in  d e te c t in g  p a t ie n ts  and c a r r i e r s  o f 
Duchenne m uscular d y s tro p h y . Serum c r e a t in e  k in ase  l e v e l s  a re  h ig h e s t  
e a r ly  in  th e  d is e a s e  and d e c l in e  a s  th e  c o n d itio n  p ro g re s se s  ( lh a rc e  e t  a l . ,  
1964)0 E le c tro p h o re t ic  s tu d ie s  have id e n t i f i e d  serum c r e a t in e  k in a se  a s  
b e in g  o f  th e  MB ty p e ,  an isoenzym e predom inant in  c a rd ia c  m uscle (Goedde
e t  a l . ,  1978) and py ru v a te  k in a se  a s  b e in g  o f  th e  Mj ty p e  (Harano e t  a l . .
1973» Z atz M. e t  a l . ,  1978).
At p re s e n t th e r e  i s  no e f f e c t iv e  tre a tm e n t o f th e  d is e a s e .  In  
g e n e ra l p r a c t ic e ,  a  woman who i s  found t o  be a t  h igh  r i s k  o f hav ing  
an a f f e c t e d  son can e l e c t  to  have am n io cen tes is  w ith  a n te n a ta l  f e t a l  
sex in g  and s e le c t iv e  a b o r t io n  o f  any male f e tu s e s .  The m ajor drawback 
to  t h i s  method i s  t h a t  a  p ro p o r tio n  o f such  a b o r te d  f e tu s e s  . w i l l  be 
norm al.
2 .2  Becker-Typo X -lin k ed  m uscu lar d ystrophy
B ecker (1955) was th e  f i r s t  to  draw a t t e n t i o n  t o  th e  e x is te n c e  o f 
a  benign  form o f X -lin k ed  m uscu lar d y s tro p h y . The o n se t o f th e  
d is e a s e  beg in s  in  th e  f i r s t  decade o r  e a r ly  in  th e  second  (mean age =
11 y e a r s ) .  A ffec ted  in d iv id u a ls  do n o t become co n fin ed  to  w h ee lch a irs  
u n t i l  tw en ty  to  t h i r t y  y e a rs  a f t e r  th e  o n s e t.  The p a t te r n  o f m uscu lar 
weakness i s  s im i la r  t o  t h a t  seen  in  Duchenne m uscular dystrophy  b u t th e  
p ro g re s s io n  i s  much s lo w er th a n  in  th e  IXichenne v a r ie ty .  The c o n d itio n  
i s  l e s s  common th a n  th e  Duchenne v a r ie ty  w ith  a  p rev a len ce  o f 1 p er 100 000. 
Serum c re a t in e  phosphokinase a c t i v i t y  i s  s u b s t a n t i a l l y  e le v a te d  in  
a f f e c te d  boys. L ike th e  Bichenne v a r ie ty ,  hy p ertro p h y  a f f e c t s  th e  c a lv e s  
b u t t h i s  may precede o th e r  symptoms by some y e a r s .  F i f t y  to  s ix ty  
Per c e n t o f  th e  c a r r i e r s  have in c re a s e d  c r e a t in e  phosphokinase a c t i v i t i e s  
and th e s e  d ec re ase  s ig n i f i c a n t l y  w ith  in c re ^ ln g  age (gunner R. e t  a l . , 1975)* In  
i s o la te d  c a se s , p a t ie n ts  w ith  e a r ly  o n se t o f th e  d is e a s e  may be 
d i f f i c u l t  t o  d i s t in g u is h  from Duchenne dy stro p h y  p a t i e n t s .  The EMG and 
m uscle b io p sy  may d em o n stra te  f i b r i l l a t i o n  p o te n t i a l s ,  p o s i t iv e  waves 
and o c c a s io n a l h ig h  freq u en cy  d isc h a rg e s  a s  w e ll a s  p o ly p h a sic  m otor u n i t  
p o te n t ia l s  o f s h o r t  d u ra tio n  (B eam  and Hudgson, 1978). Muscle b io p s ie s  
r e v e a l  prom inent h y p e r tro p h ic  f i b r e s  a s  w e ll a s  random a tro p h y  and
s p l i t t i n g  o f f i b r e s  and c e n t r a l  n u c le i  and f i b r o s i s .
A ffe c te d  in d iv id u a ls  may re p ro d u c e , a lth o u g h  t h e i r  f e r t i l i t y  i s  
somewhat reduced . The m ales w i l l  t r a n s m it  th e  abnorm al gene to  a l l  
t h e i r  d au g h te rs  who w i l l  be c a r r i e r s .  The m ales idLll be n o n -a f fe c te d  
i f  th e  m other h as  norm al X-chromosomes.
Two forms o f ben ign  X -lin k ed  m uscu lar d ystrophy  have been d e sc r ib e d  
which a p p a re n tly  seem to  be d i s t i n c t  from th e  Becker ty p e .  Mabry e t  a l .  
(1965) d e sc r ib e d  a  ty p e  which ap p e a rs  to  d i f f e r  from th e  Becker ty p e  by 
th e  age o f  o n se t and th e  g r e a t  d i s a b i l i t y  which i t  p ro d u ces . The 
Emery e t  a l .  ty p e  ( I 966) d i f f e r s  from th e  B ecker ty p e  by th e  absence o f 
h y p ertro p h y  o f th e  c a lv e s  and by th e  developm ent o f c o n tra c tu re s  a t  th e  
age o f 4  t o  5  y e a r s .  Evidence o f  m yocard ia l involvem ent i s  a p p a re n t.
In  th e  second decade o f  l i f e  serum c re a t iv e  k in a se  a c t i v i t y  i s  6 t o  7 
tim es  th e  norm al v a lu e ,  b u t su b se q u e n tly  i t  g ra d u a lly  f a l l s  w ith  
in c re a s in g  age.
L im b -g ird le  m uscu lar d y s tro p h y  i s  in h e r i t e d  a s  an au tosom al r e c e s s iv e  
t r a i t  i n  abou t 60 p e r  c e n t o f th e  case s  and th e  r e s t  a re  b e lie v e d  to  be 
s p o ra d ic .  Both se x e s  a re  e q u a l ly  a f f e c te d .  T h is  form  o f m uscular 
d ystrophy  i s  c h a r a c te r i s e d  by v a r ia b le  age o f o n se t, b u t u s u a lly  o ccu rs  in  
th e  second  o r  l e s s  o f te n  in  th e  t h i r d  decade o f l i f e .  The c o n d itio n  
p ro g re s se s  slow ly  b u t c o n s ta n t ly .  Symptoms a r e  s im i la r  t o  th o se  in  
Duchenne ty p e  b u t w ith  a  more ben ign  c o u rse . Severe d i s a b i l i t y  i s  u s u a lly  
p re s e n t 20 y e a rs  a f t e r  th e  o n se t when th e  h ip  f le x o r s  and q u ad ricep s  
m uscles become a f f e c t e d .  M uscu la tu re  involvem ent may s t a r t  e i t h e r  in  th e  
sh o u ld e r  o r p e lv ic  g i r d l e . H ypertrophy i s  n o t a  f e a tu r e  and c o n tra c tu re s  
a r e  n o t  a  m ajor problem . The h e a r t  i s  norm al and in te l l ig e n c e  i s
unim pairedo Serum c r e a t iv e  phosphokinase i s  e le v a te d  i n  most cases  
a lth o u g h  much l e s s  so  th a n  in  X“ lin k e d  forms» E lectrom yography and 
m uscle Imjopsy f in d in g s  a re  t y p i c a l  o f m yopathic p rocesses*
R ecen t and c a r e f u l  in v e s t ig a t io n s  su g g e s t t h a t  m ost cases  o f lim b - 
g i r d l e  a r e  e i t h e r
( i )  m ales w ith  Becker d y s tro p h y
( i i )  m a n ife s tin g  fem ale c a r r i e r s  o f  th e  m chenne gene
( i i i )  p a t ie n t s  w ith  s p in a l  m uscular a tropS iies
o r  ( iv )  p a t ie n t s  w ith  a  v a r i e ty  o f a c q u ire d  m yopath ies in c lu d in g
c a r n i t in e  d e f ic ie n c y ,  a c id  m a lta se  d e f ic ie n c y  and 
p o ly m y o sitis»  (Moser and Emery, 1974).
2*4 F asc io scapu lohum era l m uscu lar dystro p h y
Fas c io scapu lohum era l m uscu lar dystro p h y  i s  in h e r i t e d  a s  an 
au tosom al dominant t r a i t  w ith  a  wide v a r ia t io n  o f e x p re s s io n . I t  i s  
r e l a t i v e l y  uncommon w ith  a  p rev a len ce  o f ab o u t 0 .2  t o  0 .5  Per 100 000. 
Some p a t ie n t s  have on ly  s l i g h t  w ealm esses o f  c lo su re  o f eyes w h ils t  some 
o c c a s s io n a l p a t ie n t s  a re  handicapped  w ith in  th e  f i r s t  2 y e a rs  o f l i f e  
and may be unab le  t o  w alk b e fo re  th e  age o f 20 y e a rs .  In  most p a t i e n t s ,  
fa sc io sca p u lo h u m era l m uscular d y s tro p h y  b eg in s  w ith  w eakness in  th e  
f a c i a l  and sh o u ld e r  g i r d l e  m uscles  u s u a lly  by th e  end o f  th e  second 
decade. The p a t ie n ts  a r e  c h a r a c te r i s e d  by f a c i a l  wealmess which le a d s  to  
i n a b i l i t y  to  c lo se  t h e i r  eyes and  to  w h is t le  and in  more advanced c a ses  
speech  may become i n d i s t i n c t .  The h e a r t  i s  r a r e l y  a f f e c te d  and th e  
i n t e l l e c t  i s  a lm o st alw ays norm al.
Serum c re a t in e  k in a se  a c t i v i t y  may be r a i s e d  b u t r a r e l y  to  5  tim es  
th e  norm al v a lu e , b u t  abou t 50 Por c e n t o f  th e  p a t ie n ts  have norm al 
le v e ls  o f  th e  enzyme * Pyruvate  k in a se  i s  r a i s e d  in  m ost p a t ie n ts  and i t
cou ld  be a  b e t t e r  a d ju n c t  f o r  co n firm ing  th e  d ia g n o s is  o f  th e  d is e a s e .  
Muscle b ip p s is  r e v e a l  in flam m ato ry  i n f i l t r a t e s .  M ild e r cases  o f 
fa sc io sca p u lo h u m era l m uscu lar d y stro p h y  may resem ble th o s e  o f th e  
E r ie fu s s  .type o f m uscu lar d y s tro p h y , m yotonic d y s tro p h y , m ito c h o n d ria l 
m yopa th ies, m yasthen ia  g r a v is ,  p o ly m y o sitis  o r s c a p u lo p e r i to n e a l  syndrom e.
3 . ERYTHROCYTE MEMBRANES
3 .1  G enera l
C la s s ic a l  o b se rv a tio n s  le d  t o  th e  th e o ry  t h a t  th e  plasm a membrane 
was a  th i n  la y e r  o f  l i p o id  m a te r ia l  in te r s p e r s e d  w ith  m inute w a te r - f i l l e d  
ch a n n e ls . L a te r ,  chem ical a n a ly s e s  o f  plasm a membranes in d ic a te d  t h a t  
th e y  were composed p redom inan tly  o f l i p i d  and p ro te in  w ith  sm all amounts 
o f  c a rb o h y d ra te s . S ubseq u en tly  i t  was su g g e s te d  th a t  th e  plasma membranes 
c o n s is te d  o f  a  b im o le c u la r  l i p o i d  s h e e t  bound on b o th  s id e s  by p r o te in .  
R ecent s tu d ie s  have p u t fo rw ard  a  more dynamic model in  which l i p i d s  and 
i n t r i n s i c  and e x t r i n s i c  p ro te in s  a r e  viewed a s  b e in g  o rg a n ise d  in  a  
m osaic s t r u c t u r e .  The i n t r i n s i c  ( in t e g r a l )  p ro te in s  a r e  embedded o r 
i n t e r c a l a t e d  in  d is o rd e re d  arrangem ent in t o  a  d isc o n tin u o u s  l i p i d  b i l a y e r  
t h a t  form s th e  m a tr ix  o f  th e  m osaic . The i n t r i n s i c  p ro te in s  a re  b im odal 
w ith  t h e i r  io n ic  and h ig h ly  p o la r  g ro u i^  lo c a te d  la r g e ly  on th e  
membrane s u r fa c e s  in  c o n ta c t w ith  th e  e x t r a c e l l u l a r  and i n t r a c e l l u l a r  
aqueous m edia and w ith  th e  n o n -p o la r  r e s id u e s  in  th e  l i p i d  b i l a y e r .  The 
e x t r i n s i c  p r o te in s ,  which c o n s t i tu te  th e  b u lk  o f  th e  p r o te in s ,  a re  lo c a te d  
e x c lu s iv e ly  a t  th e  cy to p lasm ic  s id e  o f th e  membrane e x te r n a l  to  th e  l i p i d  
b i l a y e r .  These a re  bound to  th e  cy top lasm ic  su rfa c e  o f  th e  membrane by 
e l e c t r o s t a t i c  and hydrophobic i n t e r a c t io n s .
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In  g e n e ra l ,  th e  most e lem en ta ry  membranes c o n ta in  th e  l e a s t  
p ro te in  w h ile  th o se  membranes e x h ib i t in g  th e  h ig h e s t  f u n c t io n a l  
com plex ity  c o n ta in  th e  most p r o t e i n . Many o f th e  b a s ic  p h y s ic a l 
p r o p e r t i e s  common to  a l l  c e l l  membranes ap p ea r to  be a  r e f l e c t i o n  o f 
t h e i r  p redom inan tly  l i p i d  n a tu r e .
L ip id s  o f r e d  b lo o d  c e l l  membranes a re  o rg an ised  a s  one double 
la y e r  o f  c lo se ly  packed m o lecu les -  th e  l i p i d  b i l a y e r .  Most o f th e  
membrane l i p id s  a re  p h o sp h o lip id s  which c o n ta in  two hydrophobic h y d ro ­
carbon ch a in s  ex te n d in g  in  one d i r e c t io n  from a  g ly c e ro l  backbone and a  
h y d ro p h il ic  head g roup  ex ten d in g  in  th e  o p p o s ite  d i r e c t io n .  This 
s t r u c t u r a l  o rg a n is a t io n  produces an i n t r i n s i c a l l y  am ph ipa th ic  m olecule 
whose d u a l p h y s ic a l p ro p e r t ie s  a re  o f fundam ental im portance  in  b i l a y e r  
fo rm atio n  and m ain tenance .
In  e ry th ro c y te s  and in d eed  m ost mammalian plasm a membranes, 
in d iv id u a l  l i p i d  m o lecu les  in  e i t h e r  h a l f  o f  th e  b i l a y e r  have a  h ig h  
d eg ree  o f  l a t e r a l  m o b il i ty  a t  p h y s io lo g ic a l  te m p e ra tu re . On th e  o th e r  
hand , movement o f  p h o sp h o lip id  m o lecu les from one h a l f  o f th e  b i  la y e r  to  
th e  o th e r  ( " f l i p - f lo p "  t r a n s i t i o n s )  i s  l a r g e ly  r e s t r i c t e d  presum ably by 
th e  u n fav o u rab le  e n e r g e t ic  c o n s id e ra t io n s  e n ta i le d  in  moving th e  
charged  h y d ro p iiilic  g roup  th ro u g h  th e  hydrophobic membrane i n t e r i o r .  The 
f l i p - f l o p  t r a n s i t i o n s  occur* a t  r a te s * s e v e r a l  tim es  slo w er th a n  l a t e r a l  
t r a n s l a t i o n s  w ith in  th e  p lane o f  th e  membrane.
In  membranes w ith  h e te ro g en o u s p h o sp h o lip id  com p o sitio n , l i p i d s  w ith  
s im i la r  te m p e ra tu re -d e pendent a c y l  chain  p ro p e r t ie s  may se g re g a te  i n to  
d i s c r e t e  l a t e r a l  m icrodom ains w ith in  th e  membrane (Wu S.H. and McConnell 
H, 1974) .  Some membrane p ro te in s  s e le c t iv e ly  p a r t i t i o n  in to  o r become 
f u n c t io n a l  in  c e r t a in  o f  th e s e  m icrodom ains, th e re fo re  th e  l i p i d
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s e g re g a tio n  may be o f  c o n s id e ra b le  im portance in  th e  c o n t ro l  o f membrane 
b e h a v io u r.
E ry th ro c y te  membranes show l i p i d  asymmetry when th e  p h o sp h o lip id s  
o f  th e  in n e r  o r cy to p lasm ic  h a l f  o f th e  b i  la y e r  a re  compared w ith  th o se  
o f  th e  o u te r  o r e x t r a c e l l u l a r  h a l f .  Trfo t h i r d s  o f  th e  c h o l in e -c o n ta in in g  
p h o sp h o lip id s  and ab o u t 80 p e r  c e n t o f sphingom yelin  a r e  lo c a te d  on th e  
o u te r  h a l f  o f  th e  b i  la y e r .  The rem ain in g  m ajo r p h o sp h o lip id  com ponents, 
p h o sp h a tid y l e th a n o l amine and  p h o s ^ ia t id y l- s e r in e  a r e  lo c a te d  m ain ly  
in  th e  in n e r  h a l f  o f th e  b i l a y e r .  The rem a in in g  o th e r  m ajo r com ponent, 
c h o le s t e r o l ,  i s  p re s e n t  in  p a tc h e s  between th e  b i l a y e r  h a lv e s .
C h o le s te ro l m o d ifie s  f l u i d i t y  o f  th e  membranes.
p ro te in s
3 . 3 .1  G eneral
E ry th ro c y te  membranes c o n ta in  e ig h t  m ajor p o ly p e p tid e  ch a in s  when 
a n a ly se d  by sodium dodecy l s u lp h a te  (SDS) g e ls  u s in g  th e  procedure and 
nom encla tu re  o f F a irb an k s  e t  a l .  ( I 97I ) .  Ifhen p e r io d ic  a c id - S c h i f f *s  
re a g e n t (PAS) a  ca rb o h y d ra te  s t a i n  s e n s i t i v e  t o  th e  p resen ce  o f s i a l i c  
a c id ,  i s  a p p lie d  t o  SDS g e ls  o f  t o t a l  membrane p r o te in s ,  fo u r  prom inent 
bands d e s ig n a te d  PAS-1, PAS-2, PAS-3 a%id PAS-4 become e v id e n t . The b u lk  
o f  th e  m ajor p ro te in s  (bands 1 , 2 , 4 ,  5  and 6 ) a re  lo c a te d  e x c lu s iv e ly  
a t  th e  cy to p lasm ic  s id e  o f  th e  membrane, e x te r n a l  t o  th e  l i p i d  b i l a y e r .  
T h is  was confirm ed by l a b e l l i n g  o f  in s id e - o u t  membrane v e s ic le s  (Berg H. 
e t  a l . ,  1969» B re ts  c h e r  M., 197 i )  and p r o te o ly t i c  c leav ag e  experim en ts  
(Bender \U e t  a l . ,  1971I S tec k  T e t  a l . ,  1971» T r i p l e t t  e t  a l . ,  1972). 
These e x t r i n s i c  p ro te in s  cou ld  be i s o l a t e d  from membranes by sim p le  means 
such  a s  m a n ip u la tio n  o f  io n ic  s t r e n g th  o r pH. Ex*brinsic p ro te in s  com prise
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ab o u t 40 ]%r c e n t o f  th e  t o t a l  membrane ]? ro te in . No m ajor membrane 
p ro te in  has been found lo c a te d  e x c lu s iv e ly  a t  th e  o u te r  su r fa c e  o f th e  
membrane and no p ro te in  com p le te ly  b u r ie d  w ith in  th e  b i l a y e r .
A second c la s s  o f  p ro te in s  can be removed from th e  membrane on ly  
by r ig o ro u s  tr e a tm e n t w ith  d e te r g e n ts .  Such tre a tm e n t r e s u l t s  in  th e  
d is s o lu t io n  o f th e  membrane s t r u c t u r e .  l i ro te in s  t h a t  r e q u ir e  th e s e  
methods a re  c a l le d  i n t r i n s i c  membrane p r o te in s .  The two main i n t e g r a l  
p ro te in s  a re  ( i )  g ly c o # io r ln  and (b) p o ly p e p tid e  band-3 = I n t r i n s i c  
p ro te in s  a re  h e ld  in  p la ce  in  th e  membrane by hydrophobic in t e r a c t io n s  
between n o n -p o la r  s u r fa c e  amino a c id  re s id u e s  o f th e  p ro te in  and th e  
hydrophobic hydrocarbon  co re  o f  th e  membrane. These membrane p ro te in s  
a re  g ly c o p ro te in s  and th e y  a re  o r ie n te d  so  t h a t  th o se  p o r tio n s  
c o n ta in in g  su g a r r e s id u e s  a re  exposed on th e  e x t r a c e l l u l a r  h a l f  o f  th e  
membrane.
E x t r in s ic  membrane p ro te in s  com prise o f  bands 1 and 2 ( s p e c t r i n ) ,
2 .1 ,2 .2  ( a n k y r in ) , 4  (u n c h a ra c te r is e d )  > 5 ( a c t in )  and 6 (g ly ce ra ld eh y d e-3 "  
phosphate d ehyd rogenase).
(a ) s p e c t r in
S p e c tr in  (M archesi e t  a l . ,  I 968) com prise 2O-3O P er c e n t o f  th e  
t o t a l  e ry th ro c y te  membrane p r o te in s .  I t  i s  e x tra c te d  in  w a te r-so lu b le  
form by exposing  membranes t o  low io n ic  s t r e n g th  b u f f e r s  c o n ta in in g  EDTA 
a t  37°G" I t  i s  conce ived  t h a t  s p e c t r in  i s  p re s e n t  a s  a  two d im en sio n a l 
netw ork which in t e r a c t s  lo o s e ly  w ith  th e  o v e r- ly in g  l i p i d  b i l a y e r .  The 
submembraneous l o c a l i s a t i o n  o f s p e c t r in  in  i n t a c t  human re d  c e l l s  has 
r e c e n t ly  been confirm ed  by u s in g  f e r r i t in - c o n ju g a te d  a n t i - s p e c t r i n  
a n t ib o d ie s  and e le c t r o n  m icroscopy (Z iparo  E. e t  a l . ,  1978).
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S uggested  fu n c tio n s  o f s p e c t r i n  in c lu d e  d e te rm in in g  o f  shape o f re d  
b lood  c e l l s ,  s t a b i l i s i n g  o f  l i p i d  b i l a y e r ,  c o n tr ib u tio n  t o  l i p i d  
asymmetry and in f lu e n c in g  d i s t r i b u t i o n  o f  i n t e g r a l  membrane p r o te in s .
The human e ry th ro c y te  s p e c t r in  m olecu le  i s  a  te tra m e r  composed o f 
two c o p ie s  o f two d i f f e r e n t  p o ly p e p tid e  ch a in s  w ith  an  ag g reg a te  
m o lecu la r w eight o f  ab o u t 900 000. The in d iv id u a l  p o ly p e p tid e  c h a in s  
o f  s p e c t r in  have been r e f e r r e d  to  a s  bands 1 and 2 . Band .1 chain  has 
an a p p a re n t m o lecu la r w eight o f  240 000 and band 2 h as  m o lecu la r w eigh t 
o f  200 000. Band 2 p o ly p e p tid e  i s  ih o sp h o ry la te d  in  i n t a c t  re d  c e l l s .
I n  v i t r o ,  th e  d im e ric  form  o f  s p e c t r in  prédom inantes a t  37°G and th e  
te t r a m e r ic  a t  4 ° G w ith  th e  t r a n s i t i o n  te m p era tu re  a t  28°G (Ungewickel E. 
e t  a l . ,  1978)9 s p e c t r in  te tr a m e r  can b in d  t o  th e  F-form  o f a c t in  b u t 
n o t th e  G"form (B renner e t  a l . ,  1979) and i t  i s  a s s o c ia te d  w ith  a c t i n  
(band 5 ) iu  i n t a c t  e r y th ro c y te s .  VJhen r e d  c e l l  g h o s ts  were suspended 
in  T r i to n  X-100, th e  b u lk  o f  th e  membrane l i p i d s  and a l l  i n t e g r a l  
p ro te in s  were l o s t  i n to  th e  medium. The r e s id u e ,  c o n s is t in g  m ain ly  o f 
s p e c t r in  and a c t in  co u ld  be exam ined by scan n in g  e le c t r o n  m icroscope.
A r e t i c u l a r  p a t te rn  was observed  (H a in f ie ld  e t  a l . ,  1 9 7 7 )«
S p e c tr in  i s  now luiown t o  e x i s t  in  c lo se  p ro x im ity  t o  band 3 and 
band 4 .1 .  A nkyrin (band 2 .1 )  i s  im p lic a te d  in  b in d in g  s p e c t r in  s u b u n its  
t o  band 3» 4 .1  and  4 .2  (Bennet e t  a l . ,  1 979 )«
(b) A c tin  (Band 5 )
Band 5  m ig ra te s  on SI6 po ly acry lam id e  g e ls  w ith  an  ap p a re n t 
m o lecu la r w eight o f  42 000 (F a irb an k s  e t  a l . ,  I 97I ) « I t  i s  a t ta c h e d  on 
th e  cy to p lasm ic  s id e  o f  th e  membrane and c o e x tra c ts  w ith  s p e c tr in  and some 
m inor p ro te in s  (P u ssk in  e t  a l . ,  1978). The re d  b lood  c e l l  a c t in ,  l i k e  
th e  s k e l e t a l  m uscle a c t i n ,  a c t i v a t e s  myosin Mg-ATIhse, i n t e r a c t s  w ith  
tro p o n in  and tropom yosin  to  c o n fe r  calcium  s e n s i t i v i t y  t o  r e d  b lood  c e l l
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MgATîhse. V îhilst m uscle a c t i n  a c t iv a t e s  Mg~ATIhse o p tim a lly  a t  23°C, 
t h a t  o f  r e d  b lood c e l l s  r e q u i r e s  3?°G f o r  o p tim al a c t i v i t y .  P o ly m e risa tio n  
o f  a c t in  i s  c o n t ro l le d  by th e  p h o sp h o ry la ted  s t a t e  o f s p e c t r in  (U n d e r  
e t  a l . ,  1977) .
The r e s t  o f  th e  e x t r i n s i c  membrane p ro te in s  a re  com prised o f band ' 4  
which h as  n o t y e t  been c h a ra c te r i s e d  and band 6 (g ly ce ra ld eh y d e -3 “ Phosphate 
dehydrogenase) .
3*3*3 I n te g r a l  membrane p ro te in s
I n t e g r a l  membrane p ro te in s  a re  com prised m ain ly  o f  band 3 and 
g ly c o p h o rin s  (PAS-1, PAS-2 and PA8- 3 I .
(a ) Band 3
Band 3 i s  th e  b ro ad  Goomassie b lu e - s ta in e d  a re a  t h a t  m ig ra te s  w ith  
an a p p a re n t m o lecu la r w eigh t o f  90 000 -  100 000. I t  i s  composed o f  a  
number o f h e te ro g en o u s m olecu les t h a t  have s im i la r  a p p a re n t m o lecu la r 
w eigh ts  on sodium dodecy l s u lp h a te  g e l s .  The sum o f th e s e  he tero g en o u s 
a r r a y  o f m olecu les c o n s t i tu te s  ab o u t 3^ P er c e n t ,  by w e ig h t, o f  th e  
membrane p ro te in s  (B re ts c h e r , I 97I ) .  Some o f  th e  band 3 m olecu les l i k e  
th e  a c y l-p h o s lh o ry la te d  p o ly p e p tid e  a re  a s s o c ia te d  m th  Na, k,, Mg-ATPkse 
a c t i v i t y ,  w h ile  o th e r s ,  l i k e  th e  i n t r i n s i c  ( in t e g r a l )  g ly c o p ro te in  have 
been l in k e d  to  an io n  t r a n s p o r t .  The g ly c o p ro te in  com prises 8-10 p e r c e n t 
o f th e  e x t e r io r  s u r fa c e  g ly c o p ro te in .
R ecen t ex p erim en ts  have d em onstra ted  t h a t  th e  am in o -te rm in a l end o f 
band 3 g ly c o p ro te in  i s  on th e  cy to p lasm ic  s id e  o f th e  membrane and th e  
ca rb o x y l te rm in a l i s  on th e  e x te r n a l  s u r fa c e  o f th e  membrane. The 
ca rb o h y d ra te s  a re  lo c a te d  n e a r  th e  carb o x y l te rm in a l end , o u ts id e  th e  
membrane. P re lim in a ry  work in d ic a te s  t h a t  th e  s iz e  o f  th e  p ro te in  
b u r ie d  in s id e  th e  l i p i d  core o f  th e  membrane which i s  in a c c e s s ib le  to
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t o  p ro te a se s  from  in s id e  o r o u ts id e  th e  membrane amounts to  abou t 
20 p e r  c e n t by w e ig h t. Chymotrypsin tr e a tm e n t o f g h o s ts  r e s u l t s  in  th e  
c leav ag e  o f a  fragm en t o f  m o le c u la r  w eight 30 000 from th e  amino te rm in a l  
end. lU r i f ie d  band 3 h as  been found  t o  c o n ta in  ab o u t 10 p er c e n t ca rb o ­
h y d ra te s ,  m ainly m annose, g a la c to s e  and N -a c e ty l g lucosam ine in  
approx im ate r a t i o s  1 :2 :2  and t r a c e s  o f fu co se  and g lu c o se . The 
ca rb o h y d ra te  i s  b e l ie v e d  to  be l in k e d  N -g ly c o s id ic a lly  t o  a s p a ra g in y l 
r e s id u e s .  The movement o f  band 3 uud p o s s ib ly  o f  o th e r  transm em brane 
p ro te in s  seems r e s t r i c t e d  by a  lin k a g e  o f  some k in d  t o  th e  p e r ip h e ra l  
p ro te in  s p e c t r in ,  a p p a re n tly  v ia  m utual in t e r a c t io n s  w ith  a  t h i r d  p ro te in  
r e f e r r e d :  t o  as  a n k y rin  (band 2 .1  m a in ly ) .
(b) S ia lo g ly c o p ro te in s
These a re  v i s u a l i s e d  on sodium dodecyl s u lp h a te  g e ls  by p e r io d ic  
a c id -S c h iffV s  r e a g e n t ,  a, ca rb o h y d ra te  s t a i n  s e n s i t iv e  t o  th e  p resence  o f 
s i a l i c  a c id .  The main s ia lo g ly c o p r o te in , g ly c o p h o rin , c o n ta in s  
ca rb o h y d ra te s  am ounting t o  60 p e r c e n t o f i t s  d ry  w e ig h t. S e v e n ty -f iv e  
per c e n t o f th e  t o t a l  s ia lo g ly c o p e p t id e s  i s  c o n s t i tu te d  by g ly co p h o rin  A, 
th e  b a s ic  su b u n it o f  PAS-1. G lycophorin  A, h as  a  m o lecu la r w eight o f 
31 000 Tfith a  p o ly p e p tid e  ch a in  c o n ta in in g  I 3I  amino a c id s .  Most o f th e  
p o ly p e p tid e  mass l i e s  in  th e  cy to p lasm ic  s id e  and a  v e ry  sm a ll p c r t io n  o f 
th e  amino a c id  r e s id u e s  i s  exposed  on th e  e x te r n a l  s u r fa c e  o f th e  membrane, 
Of th e  I 3I  amino a c id  r e s id u e s ,  ?2  r e s id u e s  a t  th e  N H ^-term inal end 
a re  lo c a te d  on th e  e x te r n a l  s id e  o f th e  membrane and a  sequence o f  23 
p redom inan tly  a p o la r ,  hydrophobic r e s id u e s  form th e  intram em brane and 
transm em brane p o r t io n .  The 38 amino a c id s  a t  th e  c a rb o x y l- te rm in a l end 
a re  lo c a te d  on th e  cy to p lasm ic  s id e  o f th e  membrane. A ll  su g ar r e s id u e s  
a re  e x t r a c e l l u l a r  and  a re  a t ta c h e d  t o  th e  amino r e s id u e s  on th e  o u ts id e  
o f th e  membrane.
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On SDS g e l s ,  g ly c o p h o rin  A i s  v is u a l i s e d  a s  two hands PAS-1 and PAS-2. 
I t  i s  now knom  t h a t  th e  two p o ly p e p tid e s  a re  in te r c o n v e r t ib le  and t h a t  
PAS-1 i s  a  dim er o f  PAS-2. G lycophorin  B, on th e  o th e r  hand , i s  an 
o lig o m eric  s e r i e s  w hich co m ig ra te  w ith  PAS-1, PAS-2 , PAS-3 and PAS- 4 ,
The s t r u c tu r e  o f g ly c o p h o rin  B i s  s im i la r  to  t h a t  o f  g ly co p h o rin  A b u t 
th e  C -te rm in a l p e p tid e  exposed on th e  c y b o so lic  s id e  in  g ly co p h o rin  A i s  
m iss in g  in  g ly c o p h o rin -B . I t  i s  b e lie v e d  t h a t  th e  absence  o f an 
ex tended  cy to p lasm ic  polypep-bide in  g ly co p h o rin  B a llo w s  t h i s  pepbide 
t o  undergo  u n r e s t r i c t e d  t r a n s l a t i o n a l  m otion .
4 . MEMBRANE DEFECTS IN MUSCULAR DYSTROPHIES
4 .1  G enera l
The very  f i r s t  b io ch em ica l ab n o rm a lity  to  be re c o g n ise d  in  Duchenne 
m uscu lar d ystrophy  was th e  in c re a s e d  e x c re t io n  o f c r e a t in e .  T his 
phenomenon was l a t e r  observed  in  o th e r  w as tin g  c o n d i t io n s ,  b u t su b seq u en t 
k in e t i c  s tu d ie s  w ith  carbon-14  c r e a t in e  (F itc h  e t  a l . ,  I 968) su g g es ted  
t h a t  w h i ls t  th e re  was d ec re a se d  t r a n s p o r t  o f c re a t in e  i n t o  muscle in  o th e r  
w astin g  c o n d it io n s ,  th e re  was im p a ired  tr a p p in g  o f i n t r a c e l l u l a r  c r e a t in e  
in  d y s tro p h ic  m uscle . T h is  observation su g g e s te d  th a t  th e  muscle 
membranes were abnorm al o r le a k y  in  Duchenne m uscular d y s tro jh y . L a te r  and 
more r e c e n t  exp erim en ts  have found many enzymes in c lu d in g  a ld o la s e ,  
c r e a t in e  phosphokinase , tra n sa m in a se , l a c t a t e  dehydrogenase, a d e n y la te  
k in a se  and pyruvate  k in a se  to  be e le v a te d  in  serum in  d y s tro p h ic  p a t i e n t s .  
Lealcy m uscle membranes have been  in c r im in a te d  f o r  such  in c re a s e s .
I t  i s  an e s ta b l i s h e d  f a c t  t h a t  g e n e t ic  b io ch em ical a b n o rm a lit ie s  
may be found in  c e l l s  o th e r  th a n  th o se  o f sym ptom atic t i s s u e s .  In
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m uscu lar d y s tro p h ie s ,  in v e s t ig a t io n s  have been d ir e c te d  t o  c e l l s  o th e r  
th a n  m uscle c e l l s  p a r t i c u l a r ly  e ry th ro c y te s  and f i b r o b l a s t s .  O ther c e l l s  
have re c e iv e d  a t t e n t i o n  in  th e s e  d is o rd e rs  because b io ch em ica l s tu d ie s  on 
m uscle membranes a r e  th w a rte d  by p r a c t i c a l  problem s o f  i s o l a t i n g  pure 
m uscle c e l l s  and membranes. F ib ro b la s ts  have been u sed  in  b io chem ical 
in v e s t ig a t io n s  because o f th e  r e l a t i v e  ea se  w ith  which th e y  cou ld  be 
c u l tu re d  in  v i t r o .  E ry th ro c y te s  have r e c e iv e d  a t t e n t i o n  because th e y  
a re  r e a d i ly  a v a i la b le  and t h e i r  membranes can be o b ta in e d  in  pure form . 
Some w orkers in  t h i s  f i e l d  c o n s id e r  th e  approach  o f u s in g  ea^ k h ro cy te s  a s  
m is d ire c te d  because th e  e ry th ro c y te  i s  a  s p e c ia l i s e d  c e l l  unable  to  
perform  many b io ch em ica l r e a c t io n s  such  a s  p ro te in  s y n th e s is .
I n  Duchenne m uscu lar d y s tro p h y , m uscle f i b r e  n e c r o s is  i s  seen  from 
an e a r ly  ag e , even b e fo re  th e  d is e a s e  becomes c l i n i c a l l y  m a n ife s t 
(Ib a rso n  G.M., 1962? Hudgson P . ,  e t  a l . ,  I 967) .  W hether o r  n o t i t  
b eg in s  in  th e  n e o n a ta l  p e r io d  o r d u rin g  i n t r a - u t e r i n e  l i f e  i s  n o t  c l e a r ,  
a lth o u g h  a c t i v i t i e s  o f  c r e a t in e  k in a se  in  th e  b lood may be c o n s id e ra b ly  
e le v a te d  a t  th e se  s ta g e s  (Mahoney e t  a l . ,  1977)" Some in v e s t ig a to r s  
have su g g e s te d  t h a t  f o c a l  isch ae m ia  may be re s p o n s ib le  f o r  m uscle n e c ro s is  
T his su g g e s tio n  a ro se  from th e  o b se rv a tio n s  o f g ro u p in g s  o f n e c r o t ic  
and r e g e n e ra tin g  f i b r e s  (Hathaway e t  a l . ,  1970» S carl a t o  G. e t  a l . ,  1977) 
in  m u sc les . C onsid erab le  ev id en ce  which h as  accum ulated  from 
m orph o lo g ica l s tu d ie s  over th e  y e a rs  su g g e s ts  t h a t  a  s t r u c t u r a l  o r 
f u n c t io n a l  a b n o rm a lity  o f  th e  plasm a membrane may be th e  b a s is  f o r  th e  
f i b r e  n e c r o s is .  In  1975» Mokri and E ngel re p o r te d  in  m uscle f i b r e s  o f  
Duchenne dystrophy  p a t ie n t s  th e  appearance o f  sm a ll f o c a l  w edge-shaped 
zones o f c o n tra c tio n  and wedged and rounded zones o f p e ro x id ase  in fu s io n
18
i n to  th e  edges o f  m uscle f i b r e s  and m ajor b reak s  o f th e  plasmalemma 
in  s im i la r  re g io n s  e v id e n t in  h ig h  r e s o lu t io n  phase e le c t r o n  m icroscopy .
These le s io n s  were co n s id e re d  t o  be d is e a s e  s p e c i f i c  and to  p rov ide 
ev id en ce  o f a  p rim ary  plasmalemma d e f e c t .  Some e le c t r o n  m ic ro sc o p ic a l 
o b se rv a tio n s  (C a rp en te r  and K a rp a ti 1979) P rov ided  ev id en ce  su g g e s tin g  
some r e p a i r  by m uscle f i b r e  o f sm a ll a re a s  o f plasm a membrane breakdOT-m, 
F u r th e r  ev idence  f o r  th e  a b n o rm a lity  o f sarcolemma membrane in  
d y s tro p h ic  muscle h as  been p ro v id ed  by f r e e z e - f r a c tu r e  p re p a ra t io n s  o f 
s k e l e t a l  m uscle. In  Duchenne d y s tro p h y , an abnorm al non-un iform  d i s t r i b u t io n  
o f  intram em branous p a r t i c l e s  and  a  d e p le tio n  o f  t h e i r  number on bo th  
th e  proi^oplasm ic and e x t r a c e l l u l a r  fa c e s  o f  th e  m uscle membranes has 
been observed  (S ch o tlan d  e t  a l . ,  1977» S ch o tlan d  e t  a l . ,  I 98O), In  
m yotonic d y s tro p h y , such p a r t i c l e s  were m arkedly in c re a s e d . They 
su g g e s te d  t h a t  th e  observed  d e p le t io n  and a l t e r e d  d i s t r i b u t io n  o f 
intram em braneous p a r t i c l e s  in  Duchenne d y stro p h y  m ight be an e a r ly  s ig n  
o f  membrane ab n o rm a lity  t h a t  p re c e d e s ; th e  fo rm atio n  o f f o c a l  d e fe c ts  
a t  th e  c e l l  s u r fa c e  membrane. R ece n tly  B o n il la  e t  a l . ,  (1978) have 
r e p o r te d  fo c a l  d e f e c ts  in  th e  b ind ing  o f  co n can av a lin  A to  th e  plasm a 
membrane o f m uscle c e l l s .  T here i s  ample ev idence s u g g e s tin g  t h a t  th e  
d e f e c t iv e  m uscle f i b r e  plasmalemma a llo w s e x c e ss iv e  q u a n t i t i e s  o f  Ca 
t o  accum ulate  ï i i th in  th e  d y s tro p h ic  m uscle. Such in c re a s e s  in  Ga 
have been d em onstra ted  by u s in g  h is to c h e m ic a l (B o d en ste in e r J .  e t  a l . ,  1978) 
and e l e c tro n -c y to c h e m ic a l te c h n iq u e s  (Oberc and Engel 1 977 )«
4 .3  S t r u c tu r a l  changes in  e ry th ro c y te  membranes
E ry th ro c y te s  in  c a r r i e r s  and p a t ie n ts  o f Duchenne dystrophy  have 
been r e p o r te d  a s  b e in g  abnorm al in  th e  form o f ”ecH in o cy tes” (c re n a te d  form s) 
(M atheson D. e t  a l . ,  1974; G ra s s i e t  a l . ,  1978)* However t h i s
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o b se rv a tio n  was n o t  d is e a s e  s p e c i f i c ,  h av ing  been r e p o r te d  in  lim b - 
g i r d l e  d y stro p h y  and in  mouse m uscu lar dy stro p h y  (Morse and Howland 1973)*
In  1976 , M ille r  and co-w orkers r e p o r te d  an abnorm ally  h ig h  in c id e n c e  o f  
cup-shaped  e ry th ro c y te s ,  " s to m a to cy te s"  when s tu d ie d  by scann ing  
e le c t ro n  m icroscope. I t  i s  p e rc e iv e d  t h a t  such observed  changes 
m ight r e s u l t  from some k in d  o f  membrane d e f e c t .  I t  sh o u ld , je rh a p s ,  
be m entioned h e re  t h a t  s tu d ie s  have shoim t h a t  some a g e n ts  could  cause 
c re n a tio n  and o th e rs  cupping o f e r y th ro c y te s .  G cenating ag e n ts  a re  
no rm ally  c a t io n ic .  Drugs such  a s  b a r b i tu r a te s  and s a l i c y d a t e s  and 
d e p le tio n  o f  ATP le a d  to  c re n a tio n  and lo c a l  a n a e s th e t ic s  le a d  to  
cupping o f  e r y th ro c y te s .  Some o b se rv e rs  b e l ie v e  t h a t  th e  changes in  
form o f  e ry th ro c y te s  from d y s tro p h ic  p a t ie n t s  cou ld  have r e s u l t e d  from 
th e  th e ra p y  r e c e iv e d  by th e s e  p a t i e n t s .
F re e z e “f r a c t u r e  p re p a ra t io n s  o f  e ry th ro c y te  membranes from Duchenne 
d y s tro p h y  p a t ie n ts  in d ic a te d  a  d ec re ase d  and non-uniform  d i s t r i b u t io n  o f 
intram em brane ous p a r t i c l e s  (Wakayama e t  a l . , 1979) on b o th  th e  p ro to p la sm ic  
and e x t r a c e l l u l a r  fa c e s  o f th e  membrane. These o b se rv a tio n s  were 
i d e n t i c a l  t o  th o se  observed  in  m uscle c e l l  membrane.
24-C irc u m s ta n tia l ex p e rim e n ta l ev idence su g g e s ts  t h a t  Ca may be
In c re a s e d  in  e ry th ro c y te s  o f  Duchenne d y s tro p h y  p a t i e n t s .  D ise G.A. e t  a l . ,
( I 977) observed  t h a t  th e  changes in  norm al e ry th ro c y te s  a s  a  consequence
2+o f in c re a s e d  i n t r a c e l l u l a r  Ca , induced  by ionophore A 23I 8 7 , were 
id e n t i c a l  t o  th o se  observed  in  Duchenne d y s tro p h y . They su g g ested  t h a t  
th e  a b n o rm a lit ie s  in  e ry th ro c y te  membrane p ro p e r t ie s  in  Duchenne d y s tro ;^ y  
m ight r e s u l t  from a  d e fe c t  in  th e  r e g u la t io n  o f  membrane fu n c tio n  by 
Ca . In  an a t te m p t t o  f in d  th e  f a c to r s  r e g u la t in g  th e  i n t r a c e l l u l a r  
c o n te n t o f  P l is h k e r  and Appel ( I 98O) m easured in  v i t r o  th e  up take
0“j“o f  Ca by e ry th ro c y te s  from Duchenne m uscu lar dystro p h y  P a t i e n ts .  They
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observed  no d if f e r e n c e  in  u p tak e  between th e s e  and e ry th ro c y te s  from 
c o n t ro l  s u b je c t s .
I n v e s t ig a to r s  on membrane p ro p e r t ie s  in  m uscular d ystrophy  have 
a ls o  d i r e c te d  t h e i r  a t t e n t i o n  t o  t h e i r  p h y s ic a l p r o p e r t i e s .  B u t t e r f i e ld  
e t  a l .  ( 1976) u s in g  2“ (3 c a rb o x y p ro p y l)2 - tr id e c y  1 -4 ,4 -d im e th y l-3  o x a z o l-  
in d in y l  m ethyl e s t e r ,  commonly c a l le d  5 " u itro x id e  m ethy l s t e a r a te  (3NM8 ) ,  
s p in  l a b e l  dem on stra ted  t h a t  e ry th ro c y te s  membranes from  m yotonic 
d y s tro p h y  and c o n g e n ita l  m yotonia p a t ie n ts  were more f l u i d  than  c o n t r o l^  
and th o se  from Duchenne d y stro p h y  p a t ie n ts  were l e s s  f l u i d .  They a l s o  
r e p o r te d  a  c o r r e la t io n  between in c re a s e d  e ry th ro c y te  membrane f l u i d i t y  
and m yoton ia. S ubsequent ex p erim en ts  u s in g  m ethyl-5 '“u i t r o s o s t e a r a t e  sp in  
la b e l  (w ilk erso n  e t  a l . ,  1978) d em onstra ted  in c re a s e d  r i g i d i t y  o f  
e ry th ro c y te  membranes from Duchenne d ystrophy  p a t i e n t s .  They su g g e s te d  
t h a t  th e  o b se rv a tio n s  co u ld  be a  r e f l e c t i o n  o f  in c re a s e d  r i g i d i t y  o f 
membrane p ro te in s  in  d y s tro p h ic  e r y th ro c y te s .  These o b se rv a tio n s  were 
c o n s is te n t  w ith  Percy and M il le r  (1975)'s  r e p o r t  o f red u ced  d e fo rm a b ili ty  
o f e ry th ro c y te s  from  Duchenne m uscu lar p a t i e n t s .
4 .4  A b n o rm alitie s  in  membrane-bound enzymes
The a c t i v i t i e s  o f  v a r io u s  enzymes such  a s  a ld o la s e ,  c r e a t in e  k in a s e ,  
and p y ru v a te  k in a se  a r e  h ig h ly  in c re a s e d  in  s e r a  o f Duchenne d ystrophy  
p a t i e n t s .  I t  i s  co n ce iv ed  t h a t  th e s e  enzymes e g re s s  from  muscle sarcop lasm  
in to  th e  c i r c u la t io n .  T h is  su g g e s tio n  stem s from th e  o b se rv a tio n  t h a t  
th e s e  enzymes a re  w ith o u t e x c e p tio n  no rm ally  found in  th e  sarcop lasm  and 
t h a t  membrane-bound enzymes a r e  n o t  found in c re a s e d  in  th e  serum o f th e  
same p a t i e n t s .  These o b se rv a tio n s  have been a t t r i b u t e d  t o  a  le ak y  m uscle 
membrane. In  an a t te m p t to  t e s t  th e  " le a k y  membrane h y p o th e s is ” some 
in v e s t ig a to r s  have d i r e c te d  t h e i r  r e s e a rc h  t o  enzymes a s s o c ia te d  w ith
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*f^vsarcolemma, p a æ tic u la r ly  th e  (Na + K ) ATIh-se-
The (Na^ + IC^ ) ATîhse i s  an a c t iv e  t r a n s p o r t  system  which c r e a te s  
a  s u b s t a n t i a l  g r a d ie n t  o f  Na and K a c ro s s  th e  c e l l  membrane. The 
g r a d ie n t  i s  ach iev ed  by m a in ta in in g  a  very  h ig h  e x t r a c e l l u l a r  Na and 
very  h ig h  i n t r a c e l l u l a r  c o n c e n tra tio n  (F ig u re  l ) .  The (Na^ + K^) 
ATIkse r e q u ir e s  Mg f o r  maximum a c t i v i t y  and i s  n o rm ally  in h ib i te d  by 












A D P  N a
E^K- ATP > Ei ATP Eh N,a AT
-1“ +vF ig u re  1 P o s tu la te d  mechanism o f t r a n s p o r t  o f (Na P K ) ATfhse.





G .p o ly p ep tid e
Adapted from K a r lis h  e t  a l . ,  B.B.A. 525 (1978) 252.
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+ 4-Though th e  s tu d ie s  o f (Na + K )ATih,se in  whole m uscle e x t r a c t s  
were f r u s t r a t e d  by a l l  o th e r  A T % ^srp resen t in  th e  m u sc le , I h a l l a  e t  a l .  
(1973) r e p o r te d  a  d e c re a se d  a c t i v i t y  o f th e  enzyme in  th e  sarcolemma
from Duchenne d y s tro p h ic  l a t i e n t s .  E xperim ents w ith  e ry th ro c y te
(Na^ + K^)ATlhse were more p ro d u c tiv e . Brown e t  a l  ( I 967 ) r e p o r te d  t h a t
th e  (Na"* + K )ATPase o f e ry th ro c y te  g h o s ts  which i s  n o rm ally  in h ib i te d  
by o u ab a in , was s t im u la te d  in  e ry th ro c y te s  from Duchenne d y stro p h y , 
m yotonic dystrophy  and  c o n g e n ita l  m yotonia p a t i e n t s .  The o b se rv a tio n  was 
l a t e r  d is p u te d  by K lassen  e t  a l .  ( I 969) b u t subseq u en t experim en ts 
s u b s ta n t i a te d  Brovm and cow orkers ' f in d in g s  (A raki S . e t  a l . ,  I 97I ) ,
Soon a f t e r ,  Hanahan D .J . (1973) observed  t h a t  th e  l e v e l s  o f enzymes in  
i s o l a t e d  e ry th ro c y te  membranes v a r ie d  w ith  c o n d itio n s  o f  r e d  c e l l  s to r a g e ,  
l y s i s  and  w ashing. R e c e n tly , Hanahan and Elchom (1978) have c l e a r ly  
i l l u s t r a t e d  t h a t  enzyme a c t i v i t i e s  v a r ie d  w ith  th e  method o f g h o st 
p re p a ra t io n .  T ab le  I I  o v e r, a d a p te d  from Hanahan and Ekholm ( I 978) 
i l l u s t r a t e s  th e  v a r i a b i l i t y  o f (Na*** + K^)ATIhse and (Ca^ *** + Mg^"**)ATlhse 
a c t i v i t i e s  in  e ry th ro c y te  membranes p rep a red  from same donors u s in g  
d i f f e r e n t  methods o f c e l l  l y s i s  b u t same a s sa y  c o n d i t io n s .  The d a ta  
i l l u s t r a t e  th e  d i f f i c u l t i e s  en co u n te red  in  com paring membrane-bound 
enzym atic  a ssa y s  from d i f f e r e n t  l a b o r a to r ie s .  I t  i s  p o s s ib le  t h a t  th e  
c o n f l i c t in g  d a ta  on ATIhse a c t i v i t i e s ,  a s  a l lu d e d  t o  above, may be due 
t o  v a r i a b i l i t i e s  on te c h n iq u e s  u sed .
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TABLE I I
VARIABILITY OF AND (Na"*" + K^) MgATIb.ser - r n iM B ii III m  i iiin^-riiiiir  i ni*' mi !■■ ■ 11<     ii na  i j    imi miiim miiii  .................  lan» ii> i i i .-ir — i i iBir~Tni
levels BREPARED by DIFFERENT HEMOLYSIS HOGEDURE
PROCEDURE
I  HYPOTONIC HEMOLYSIS (20 mOsmol)
NaCl h i s t i d i n e  pH 7 .6  
TRIS-HGl pH 7 -6  
TR IS-m aleate pH 5*8
I I  HYPOrmiG HEMOLYSIS (20 mOsmol) 
w ith  Saponin added
NaGl h i s t i d i n e  pH 7»6 
TRIS-HGl pH 7 .6  
TRIS“m a lea te  pH 5 »8
I I I  ISOTONIC HEMOLYSIS
w ith  sap o n ia
w ith  e th y le n e  g ly c o l
















n o t de term ined
DATA from Hanahan and Eldiolm Arch Biochem Biophys 187 (1978) I 7 0 , 
Enzyme a c t i v i t y  = m icrom oles o f H  
r e le a s e d  p e r gram o f hem oglobin p e r 2h r  a t  44°C.
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A ccum ulation o f  calcium  by sa rco p la sm ic  re tic u lu m  in  muscle i s  
coupled  t o  ATP h y d ro ly s is  by a  membrane-bound )ATIhse.
H y d ro ly s is  o f ATP and calcium  t r a n s lo c a t io n  in to  th e  re tic u lu m  in v o lv e s  
th e  t r a n s f e r  o f "^ -p h o sp h a te  o f  ATP t o  th e  enzyme to  form  an a c id - s t a b le  
p h o sp h o ry la ted  in te rm e d ia te  (M artonosi A. 1969)* The fo rm atio n  o f th e  
in te rm e d ia te  r e q u i r e s  Ca and Mg and i t s  h y d ro ly s is  i s  a c t iv a te d
by Mg^^ b u t in h ib i te d  by h ig h  c o n c e n tra tio n s  o f Ca^' (M eissner 1 9 7 3 ) ' 
S tu d ie s  o f th e  mechanisms o f fo rw ard  and backward r e a c t io n s  have 
su g g es ted  th e  e x is te n c e  o f more th a n  one p h o sp h o ry la ted  in te rm e d ia te s  in  
th e  ATih.se r e a c t io n .  Shigekawa and  D ougherty (1978) i s o l a t e d  two 
Ih o sp h o ry la te d  enzyme in te rm e d ia te s  in  r a b b i t  s k e l e t a l  m uscle and from 
t h e i r  d a ta  th e y  p o s tu la te d  th e  fo llo w in g  r e a c t io n  mechanism.
2+
Ca^'‘+ATP+ E n Ca >  1ATP
^ A D P
c.ow\p'8i-oc
F igu re  2 The (Ca^ *** + Mg^^) ATIfetse.
and  E^ a re  th e  two ih o ry la te d  
enzyme in te rm e d ia te s .
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o-j- 2 'i\The (Ca + Mg jATïhse a c t i v i t i e s  were in v e s t ig a te d  in  sarcolemma 
in  m uscu lar d y s tro p h y . I h a l l a  e t  a l .  (1973) re p o r te d  e le v a te d  sarcolemma 
(Ca^^ + Mg^^)AT%se a c t i v i t y  in  Duchenne d y s tro jh y -  In v e s t ig a t io n s
p4- p-f-o f (ca  + Mg )ATib,se o f e ry th ro c y te  membranes in d ic a te d  e le v a te d  
a c t i v i t y  in  lUchenne m uscular dy stro p h y  and reduced  a c t i v i t y  in  m yotonic 
d ystrophy  (Hodson e t  a l .  1977» L u th ra  e t  a l .  1979). As w ith  (Na^ + K^) 
A Tihse, a c t i v i t y  o f  t h i s  enzyme a l s o  v a r ie d  w ith  method o f  c e l l  l y s i s  
(Table I I  above).
A denylate c y c la s e  was a n o th e r  membrane-bound enzyme in v e s t ig a te d .  
M aw atari e t  a l .  (1974) r e p o r te d  a  l e s s e r  a c t iv a t io n  o f  th e  enzyme by 
f lu o r id e  and a d re n a lin e  in  Duchenne muscle Mopsies th a n  in  c o n t ro ls ,  b u t 
subsequen t f in d in g s  r e p o r te d  t h a t  th e  o b se rv a tio n  was n o t  d is e a s e -  
s p e c i f i c .  Subsequent s tu d ie s  by M awatari e t  a l .  (197&) dem onstra ted  t h a t  
th e  b a s a l  a c t i v i t y  o f adeny l c y c la se  in  c u l tu re d  Duchenne myotubes 
was h ig h e r  th an  c o n t ro ls  and t h a t  th e  a c t i v i t y  m s  n o t  s ig n i f i c a n t l y  
s t im u la te d  by a d re n a lin e  and i s o p r o te re n o l .  T h is  f in d in g  was r e p o r te d  
t o  be d i s e a s e - s p e c i f ic .  The same a u th o rs  r e p o r te d  t h a t  th e  b a s a l  
adeny l cy c la se  a c t i v i t y  in  Bichenne e ry th ro c y te  membranes was tw ice  t h a t  
o f c o n t ro ls  and t h a t  a d re n a lin e  s t im u la te d  adeny l c y c la se  a c t i v i t y  o f  
norm al membranes and had no e f f e c t  on Duchenne e ry th ro c y te  membrane enzyme. 
R ecen tly  T o r to le ro  e t  a l  (1979) have n o t been a b le  to  f in d  any d if f e re n c e  
between th e  b a s a l  a c t i v i t i e s  o f  th e  enzyme in  f r e s h ly  p re i^ re d  
e ry th ro c y te  g h o s ts  from norm al in d iv id u a ls  and from Duchenne d ystrophy  
p a t i e n t s .
4 .5  Membrane l i p i d s  a b n o rm a lit ie s
H io sp h o lip id s  a re  a  m ajor component o f c e l l  membranes. They com prise
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6p^ o f th e  t o t a l  l i p i d s  in  membranes o f most c e l l  ty p e s .  A lte ra t io n s  
in  th e  c o n te n t o f  s p e c i f i c  iih o sp h o lip id s  have been d e sc r ib e d  in  th e  
sa rco p la sm ic  re tic u lu m  i s o la te d  from th e  m uscle o f p a t ie n ts  w ith  
Duchenne m uscular d y s tro p h y . These in c lu d e  an in c re a s e d  p ro p o rtio n  o f 
sphingom yelin  (Takagi e t  a l . , 1973) and d ec re a se d  amount o f p h o sp h a tid y l 
c h o lin e . In  e ry th ro c y te  membranes from Duchenne m uscu lar dystrophy  
p a t ie n ts ,  ICunze e t  a l .  (1973) and  su b se q u en tly  K a lo fo u lis  e t  a l . ,  1977 
observed  s ig n i f i c a n t l y  e le v a te d  sphingom yelin  and d e c re a se d  le v e ls  o f 
p h o sp h a tid y l e thano lam ine and p h o sp h a tid y l s e r in e .  E vidence from ICoski 
e t  a l .  (1978) and Kobayashi e t  a l .  (1978) f a i l e d  to  s u b s ta n t i a te  Kunze 
e t  a l . ' s  f in d in g s .  In  c o n t r a s t ,  th e y  found no d if f e re n c e  in  e ry th ro c y te  
membrane p h o sp h o lip id s  between Duchenne i^ a tie n ts  and c o n t ro l s .  T h is  
f in d in g  has  r e c e n t ly  been s u b s ta n t i a te d  by McLaughlin and Engel (1979)* 
A tte n tio n  shou ld  perhaps be d ra m  h e re  t o  th e  f a c t  t h a t  th e  p ro p e r t ie s  
o f membranes a re  fu n d am en ta lly  dependent on c o n s t i tu e n t  p h o s lh o lip id s  
and c h o le s te r o l  and t h a t  a l t e r a t i o n s  o f  th e se  in  r a t i o  o r com position  
w i l l  p ro found ly  a f f e c t  c e l l u l a r  b eh av io u r. The im portance o f membrane 
l i p i d s  in  r e g u la t in g  th e  s t r u c tu r e s  and th e  fu n c tio n s  o f membrane -bound 
enzymes can n ev er be o v e r - s t r e s s e d .
4 .6  Membrane B ^oteins
S ince  membrane p ro te in s  a p p ea r t o  be re s p o n s ib le  f o r  l i p i d  b i l a y e r  
s t a b i l i t y  r e c e p to r  fu n c tio n  and t r a n s p o r t  p ro cesse s  a c ro s s  th e  membrane, 
changes in  th e se  p ro te in s  may a f f e c t  c e l l u l a r  fu n c tio n .
E a r l i e r  s tu d ie s  looked a t  th e  p h o sp h o ry la tio n  o f endogenous membrane
24-p ro te in s  in  f r e s h  e ry th ro c y te  g h o s ts  p rep ared  in  th e  absence o f  Mg . 
S tudy ing  p ro te in  bands I I  and I I I ,  d e f in e d  a s  m ajor peaks by e le c tro p h o re s is  
on SDS po lyacry lam ide g e l s ,  Roses e t  a l .  (1975) found an abnorm ally
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e le v a te d  p h o sp h o ry la tio n  o f th e s e  two bands in  IXiohenne m uscular d ystrophy  
e ry th ro c y te  ghosts*  D ecreased p h o sp h o ry la tio n  o f  band I I I  was observed  
in  m yotonic dystrophy* R e c e n tly , Wong and Roses (1979) have f r a c t io n a te d  
band I I I  g ly c o p ro te in s  in to  th r e e  f r a c t io n s  u s in g  a f f i n i t y  chrom atography 
on R ic in  coramunis-I sep h aro se  4b column. The f r a c t io n  t h a t  e lu te d  
w ith  100 raM NaCl/100 mM D -g a la c to se , com prising  ^  o f th e  t o t a l  e ry th ro c y te  
membrane p ro te in s ,  was p h o sp h o iy la ted  50^ l e s s  in  membranes from m yotonic 
dystrophy  p a t ie n ts  th a n  in  c o n t r o l s .  C ontrary  to  th e  above o b se rv a tio n  
I y e r  e t  a l .  (1977) and su b se q u en tly  T o r to le ro  e t  al*  (1979) found no 
d if f e re n c e  in  th e  endogenous p h o sp h o ry la tio n  o f s p e c t r in  and band I I I  
p ro te in s  in  th e  membranes o f  Duchenne e ry th ro c y te s  compared m th  th e  
membranes from norm al c e l l s .  I t  has r e c e n t ly  been su g g e s te d  t h a t  
d i f f e r in g  o b se rv a tio n s  r e p o r te d  may be due to  te c h n ic a l  d if f e re n c e s  in  
methods o f g h o st p re p a ra t io n  and age o f e ry th ro c y te s .
S tu d ie s  w ith  e le c t ro n  sp in  resonance  ( e . s . r . )  te c h n iq u e s  have 
dem onstra ted  reduced  f l u i d i t y  o f e ry th ro c y te  membranes from Bichenne 
d ystrophy  p a t ie n ts  (W ilkerson e t  a l .  1978). I t  was su g g es ted  t h a t  t h i s  
o b se rv a tio n  cou ld  be c o n s is te n t  w ith  in c re a s e d  r i g i d i t y  o f  membrane 
p ro te in s  in  d y s tro p h ic  e ry th ro c y te s .
Some in v e s t ig a t io n s  have looked  a t  sa rco p la sm ic  re tic u lu m  membrane 
p r o te in s .  S tu d ie s  by Ikemoto e t  a l .  (1971) and McLennan (1975) have 
shown t h a t  s e v e ra l  p ro te in s  co u ld  be i s o la t e d  from sa rco p la sm ic  re tic u lu m  
in c lu d in g  th e  fo llo w in g  th r e e  m ajor p r o te in s :
( i )  A 100 000 m o lecu la r w eigh t p ro te in  which c o n ta in s  AT%se enzyme 
and calc ium  t r a n s p o r t  mechanism.
( i i )  C a lse q u e s tr in  (M.Wt. 55 000) which b in d s  la rg e  q u a n t i t i e s  o f 
calcium  and
( i i i )  A 44- 000 m o lecu la r w eigh t p ro te in  which b inds l e s s e r  q u a n t i t i e s  
o f ca lc iu m .
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I n v e s t ig a t io n s  o f sa rco p la sm ic  re tic u lu m  membrane p ro te in s  from Duchenne 
dy stro p h y  p a t ie n ts  in d ic a te d  a  d e c re a se  in  th e  amount o f  th e  100 000 
m o lecu la r w eight p ro te in  and an in c re a s e  in  th e  44 000 mol.vrb. p r o te in .
Polyacry lam ide g e l  e le c t ro p h o re s is  was a l s o  u sed  in  some in v e s t ig a t io n s  
o f membrane p r o te in s .  No re p ro d u c ib le  d if f e r e n c e s  in  th e  p ro te in  p a t te r n s  
o f e ry th ro c y te  g h o s ts  from Duchenne p a t ie n ts  and c a r r i e r s ,  m yotonic 
dy stro p h y  p a t ie n ts  and c o n tro ls  (Roses e t  a l .  1975) co u ld  be se e n . T h is  
f in d in g  was l a t e r  s u b s ta n t i a te d  by Kobayashi e t  a l .  (1978) and T o r to le ro  
e t  a l .  (1979) '  D esp ite  th e se  o b se rv a tio n s  we have ask ed  o u rse lv e s  th e  
q u e s tio n :  "Are th e r e  r e a l l y  no d if f e r e n c e s  in  membrane p ro te in s  p a t te r n s
between d y s tro p h ic  and c o n tro l  e ry th ro c y te s  o r was th e  method u sed  by 
th e se  w orkers to  a n a ly se  them n o t  s e n s i t i v e  enough?" or., "Does each  band in  
SDS g e l  r e p re s e n t  a  homogenous p ro te in ? "  In  t h i s  r e p o r t  we have a ttem p ted  
t o  answ er th e se  q u e s tio n s  by em ploying a  more s e n s i t i v e  two d im ensional 
e le c tro p h o re s is  te c h n iq u e  developed  by 0*F a r r e l l  (1975) and m o d ified  by 
MilkowsIdL and Rubin (1978) t o  a n a ly se  e ry th ro c y te  membrane p ro te in s  from 
Duchenne dystrophy  p a t ie n ts  and c a r r i e r s ,  l im b -g ird le  m uscu lar d y s tro p h y  
p a t ie n ts  and c o n tro l  s u b je c t s .
EXPERIMENTAL
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5 * m a te r ia ls  and methods
5 '1  Theory to  methods
P ro te in s  a re  am pho teric  su b s ta n c e s  i . e .  each  p ro te in  has a  n e t  
charge t h a t  v a r ie s  w ith  th e  pH of i t s  env ironm ent. T h is  n e t  charge 
r e p re s e n ts  th e  sum o f p o s i t iv e  and n e g a tiv e  charges  on th e  s u r fa c e  o f  a  
p ro te in .  When p ass in g  from  a  v e ry  low pH to  a  v e ry  h ig h  pH, th e  n e t  
charge changes in  a  co n tin u o u s manner from p lu s  t o  m inus. At a  w e ll-  
d e f in e d  pH th e  n e t  charge  eq u a ls  z e ro . T his p o in t  i s  c a l le d  th e  i s o ­
e l e c t r i c  p o in t ( p i ) .  I s o e l e c t r i c  fo c u s in g  u t i l i z e s  a  s ta t io n a r y  and 
s ta b l e  pH g ra d ie n t  which in c re a s e s  tow ards th e  ca th o d e . Such a  g ra d ie n t  
i s  b ro u g h t ab o u t by u s in g  a  m ix tu re  o f s p e c i f i c a l l y  d es ig n ed  am pho teric  
su b s ta n c e s  c a l le d  c a r r i e r  am pho ly tes . I f  a  p ro te in  i s  in tro d u c e d  a t  
a  p o in t away from i t s  P l ,  i t  w i l l  a t t a i n  a  n e t  charge and under th e  
in f lu e n c e  o f an e l e c t r i c  f i e l d  w i l l  move tow ards e i t h e r  o f th e  e le c tro d e s  
depending on th e  s ig n  o f  th e  n e t  ch a rg e . As i t  moves, th e  n e t  charge 
g ra d u a l ly  d ec re a se s  and f i n a l l y  when i t  re a c h e s  i t s  p i ,  th e  n e t  charge 
w i l l  eq u a l ze ro  and m ig ra tio n  w i l l  c e a se . T h is  phenomenon i s  u sed  t o  
s e p a ra te  p ro te in s  by c o n c e n tra tin g  them on t h e i r  p i ' s  and hence th e  te rm  
i s o e l e c t r i c  fo c u s in g . The method can s e p a ra te  p ro te in s  hav ing  p i ' s  
d i f f e r in g  by 0 .0 1  pH u n i t s .
In  SDS (sodium dodecy l s u lp h a te )  an o lig o m eric  p ro te in  i s  d is s o c ia te d  
i n t o  i t s  s u b u n its  and com ple te ly  d en a tu red . The polypepbide ch a in s  b in d  
a  s to ic h io m e tr ic  amount o f  n e g a t iv e ly  charged  SDS on a  w eigh t b a s is  and 
th e  r e s u l t i n g  protein-SD S com plexes app ro x im ate , in  s o lu t io n ,  to  r i g i d  
ro d s  (F ish  e t  a l . ,  I9 ?0 f R eynolds, 19?0). R ro te in s  in  SDS th u s  have 
th e  same ch arg e -to -m ass  r a t i o  ( s in c e  th e  amount o f  SIB bound i s  s u f f i c i e n t
t o  swamp o u t th e  i n t r i n s i c  charge o f  a l l  b u t e x c e p tio n a l p r o te in s )  and
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th e  same sh ap e . In  an e l e c t r i c  f i e l d  th e  pro tein-SD S com plexes a l l  
t r a v e l  tow ards th e  anode and when e le c tro p h o re s is  i s  c a r r i e d  ou t in  a  
po lyacry lam ide g e l  m a tr ix ,  th e y  a r e  subject t o  m o lecu la r s ie v in g  and 
m ig ra te  ac c o rd in g  to  t h e i r  m o lecu la r w e ig h ts . The sm all m olecu les 
t r a v e l  f a s t e s t .  In  two d im en sio n a l g e l  e le c tro p h o re s is  ( i s o e l e c t r i c  
focusing/SD S g e l  e le c t r o p h o r e s is )  th e  two s e p a ra t io n s  a re  .-done a t  
r i g h t  a n g le s  and g iv e  v e ry  good r e s o lu t io n s .
5*2 In tro d u c t io n  t o  methods
The p ro to ty p e  o f a l l  modern e le c t r o p h o r e t ic  m ethods i s  th e  f r e e  
boundary method f i r s t  u sed  by T i s e l iu s  (1937) t o  s e p a ra te  g lo b u lin  i n to  
OC 9 (3 com ponents. S ince th e n  a  s te a d y  in c re a s e  in  r e s o lu t io n
has tak en  p la ce  due t o  th e  in t ro d u c t io n  o f f i l t e r  paper (iCunkel, 1952) ,  
s ta r c h  g e ls  (S m ith ie s , 1955) and acry lam ide  g e ls  (Raymond e t  a l . ,  I 959 ) 
a s  su p p o rtin g  m edia. F u r th e r  a t te m p ts  to  improve th e  e le c t r o p h o r e t ic  
s e p a ra t io n  le d  to  th e  b i r t h  o f  i s o e l e c t r i c  fo c u s in g  (Svesson , I 96I )  
and th e  in t ro d u c t io n  o f s ta c k in g  system s ( l a v i s ,  1964, Laemmli, I 970) .
In  1968 , W rigley f i r s t  r e p o r te d  a  very  good s e p a ra t io n  o f serum 
p ro te in s  by combining i s o e l e c t r i c  fo c u s in g  and g r a d ie n t  g e l  e le c tro p h o re s is .  
S in ce  th e n  a  v a r ie ty  o f two d im en sio n a l e le c t ro p h o re s is  te c h n iq u e s  have 
been in tro d u c e d . Hayes and W ellner ( I 969) combined g e l  e l e c tro fo c u s in g  
and  e le c tr o p h o r e s is ,  M aurer e t  a l .  (1972) combined c e l lu lo s e  a c e ta te  
e le c tro p h o re s is  and i s o e l e c t r i c  fo c u s in g  and B a r re t  e t  a l .  (1973) 
combined i s o e l e c t r i c  fo c u s in g  and SDS g e l  e l e c t r o p h o r e s is .  The most 
adop ted  two d im ensional p rocedure i s  th e  i s o e l e c t r i c  focusing-SD S g e l  
e le c t ro p h o re s is  method developed  by 0 'F a r r e l l  (1975)* T h is  te ch n iq u e  i s  
a  pow erfu l t o o l  f o r  th e  r e s o lu t io n  o f  complex m ix tu re  o f p r o te in s .  I t  
s e p a ra te s  p ro te in s  on th e  b a s is  o f  two in d ependen t very  h ig h  r e s o lv in g  
p a ram e te rs , i s o e l e c t r i c  p o in t and m o lecu la r w e ig h t. V îh ilst i s o e l e c t r i c
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fo c u s in g  can d is c r im in a te  p e p tid e s  w ith  a  charge d if f e re n c e  o f 0 ,0 1  pH 
u n i t s ,  SDS g e l  e le c t r o p h o r e s is  can c l e a r ly  s e p a ra te  m olecu les d i f f e r in g  
in  m o lecu la r w eigh t by 1 000 d a l to n s .  The te c h n iq u e  can s e p a ra te  p ro te in s  
w ith  th e  same n e t  charge b u t d i f f e r e n t  m o lecu la r s i z e s  and a l s o  th o se  
w ith  d i f f e r e n t  charges b u t s im i la r  m o lecu la r s i z e s .  Many la b o ra to r ie s  
have adop ted  t h i s  method to  d e te c t  some p ro d u c ts  o f many gene l o c i .  We, 
h e re ,  have adop ted  th e  method t o  d e te c t  some gene p ro d u c ts  in  g e n e t ic  
m uscu lar d y s tro p h ie s .
5 '3  M a te r ia ls
( a )  L y sis  b u f f e r
9 . 5M u re a
(w/v) NP-40 
Z% (w /v) am pholines 
1 .6 ^  pH 5 -7
0 .4 ^  pH 3 . 5-10
5^ (v /v )  2 -m ercap to e th an o l
(b ) 3P^ s to c k  acry lam id e  f o r  i s o e l e c t r i c  fo c u s in g
2 .84g  acry lam id e
0 . l6 g  m ethylene b isa c ry la m id e
q . s .  10ml w ith  d i s t i l l e d  w a te r
(c )  S tock  n o n id e t P-40
10^ (w/v) NP-4'0 in  d i s t i l l e d  w ater
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(d ) Sample o v e rla y  s o lu t io n
6M u re a
0.4m l pH 5-7  am pholines 
0 .1m l pH 3 *5-10  am pholines 
q . s .  2511I  w ith  d i s t i l l e d  w ate r
(e )  c a th d ly te
0.02M sodium hydro3cide
( f )  A nolyte
O.OlM o rth o p h o sp h o ric  a c id
(g ) S e p a ra tio n  g e l  b u f f e r  (1 .5 ^  T ris-H G l, pH 8 .8 )
1 8 .3g T r is  b ase  
50ml d i s t i l l e d  w ate r 
A d ju st to  pH 8 .8  w ith  IM HGl 
q . s .  100ml w ith  d i s t i l l e d  w a te r
(h ) S taclcing g e l b u f f e r  (0._5^ T r i s -HGl pH 6 .8 )
6 .0 g  T r is  b ase
50A1 d i s t i l l e d  w a te r
A d just to  pH 6 .8  Tfith IM HGl
q . s .  100ml w ith  d i s t i l l e d  w a te r
( i )  30^  s to c k  ac iy lam id e  f o r  SDS s e p a ra t io n  g e ls
30g  acry lam ide
0 . 1 ^  N'N ' m ethylene b isac ry lam id e  
q . s .  100ml w ith  d i s t i l l e d  w ater
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( j )  10^ s to c k  acry lam ide  f o r  s ta c k in g  g e l
lOg acry lam ide
0 . l5 g  m ethylene b isa c ry la m id e  
q . s ,  100ml w ith  d i s t i l l e d  w a te r
(k ) SDS sam ple b u f f e r
10^ (w/v) g ly c e r o l  
5% (w /v) 2 -m erc ap to e th an o l 
2*3^ (w/v) sodium dodecy l su lp h a te  
O.O625M T ris-H G l pH 6 ,8
(1 ) E le c tro d e  b u f fe r
3 0 . 3g T r is  base  
144 , Og g ly c in e  
5'O g SDS
q . s .  51 w ith  d i s t i l l e d  w a te r
(m) S tock  g r in d in g  s o lu t io n  pH 7 .4  
9 . 5M u re a  
1% (w /v) SDS
10^ (v /v )  2 m erc ap to e th an o l
(n) L ysis  supplem ent
4ml 10^ (w /v) NP”40 
0.08m l am pholines pH 3 . 5-10  
0 . 32ml am pholines pH 5"7
(o) F ix in g  s o lu t io n  ( I j ^  TGA)
I5 g  T r ic h lo r o a c e t ic  a c id  
q . s .  100ml w ith  d i s t i l l e d  w ater
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(p ) s t a in in g  s o lu t io n
1 .25g  Goomassie b lu e  R250 
227ml m ethanol 
227ml w a te r
46ml g l a c i a l  a c e t i c  a c id
(q ) D e s ta in in g  s o lu t io n  
250ml m ethanol 
75ml g l a c i a l  a c e t i c  a c id  
675 1^!  w ate r
( r )  Bromophenol b lu e  (T rack ing  dye)
0 .0 1 ^  (w/v) Bromophoneol b lu e
( s )  lOmmol Tris~HGl pH 8 .0  
lo 2 lg  T r is  base  
Add 500ml w a te r  
A d just t o  ph8 w ith  ll'i HGl 
q . s .  11 w ith  d i s t i l l e d  w a te r
( t )  O .I5M sodium c h lo r id e
8 . 7g sodium c h lo r id e
Add 500ml d i s t i l l e d  w a te r
A d ju st t o  pH 8 w ith  5nM phosphate b u f f e r
q . s .  1000ml w ith  d i s t i l l e d  w ate r
(v) O.IM s to c k  Na2HPO^'12HgO
35 ' 8g disodium  hydrogen o rthophosphate  
q . s .  1000ml w ith  d i s t i l l e d  w ater
(w) O.IM s to c k  NaHgPO^ '^ZHgO
15-6g sodium dihydrogen  o rthophosphate  
q . s .  1000ml w ith  d i s t i l l e d  w ater
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(x )  56niM sodium b o ra te  b u f f e r  pH 8 .0  
3»46g b o r ic  a c id  
Add _$00ml d i s t i l l e d  w a te r 
A d ju st t o  pH 8 .0  w ith  IM NaOH 
g . s .  1000ml w ith  d i s t i l l e d  w ate r
Methods
5 .^ .1  P re p a ra tio n  o f  r e d  c e l l  membranes
Red b lood  c e l l  membranes were p rep a red  a t  4^0 ac c o rd in g  to  Rubin 
and M ilikow ski ( l9 ? 8 ) .  About 20ml o f whole c i t r a t e d  b lood  were spun 
a t  5 OOOg f o r  10 m inu tes and th e  serum and th e  b u ffy  c o a t were a s p i r a te d  
o f f .  The r e d  b lood  c e l l s  were th e n  washed th r e e  tim es  in  phosphate^ 
b u ffe re d  s a l i n e  (0 . I 5M s a l in e  b u f fe re d  to  pH8 w ith  sodium 
p h o sp h a te ). At each vm shing, th e  sam ple was spun a t  5  OOOg and th e  b u ffy  
c o a t and to p  la y e r  o f c e l l s  were rem oved. The c e l l s  were th e n  ly se d  
tw ic e  in  5^M sodium phosphate  b u f f e r  pH8 and th e  membranes were spun a t  
10 OOOg f o r  10 m in u tes . The membranes were th e n  resuspended  in  lOmM 
T r i s ”HQl b u f f e r ,  pH8 , and th e n  spun a t  10 OOOg f o r  10 m in u te s . The 
membranes were th e n  washed tw ic e  in  _$6mM sodium b o ra te  b u f f e r  pH8.0 
and spun a t  10 OOOg f o r  10 m inu tes th e  f i r s t  wash and a t  ^0 OOOg f o r  
10 m inutes th e  second tim e  (F ig u re  3 ) ,
5 . 4 .2  S o lu b i l i s a t io n  o f  Red c e l l  membranes
T his was done e s s e n t i a l l y  a c c o rd in g  to  Rubin e t  a l .  (1 9 7 8 )'s  • 
m o d if ic a tio n  o f W ilson e t  a l ' s  method (l97?a-). 9^/A o f s to c k  g r in d in g
s o lu t io n  were added to  th e  membranes p rep ared  a s  shown ab o v e . The 
m ix tu re  was th e n  shaken f o r  30 seconds a t  room te m p e ra tu re . 30/ 0. of 
l y s i s  supplem ent were th e n  added and th e  sam ple shaken f o r  a  f u r th e r
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30 seconds. F in a l ly  120^1 o f l y s i s  b u f f e r  were added. A f te r  8haJd.ng, 
th e  sample was read y  f o r  a p p l ic a t io n  on to  an i s o e l e c t r i c  fo c u s in g  g e l .
5*4 .3  I s o e l e c t r i c  fo c u s in g
T his was done a c c o rd in g  t o  th e  method o f  O 'F a r re l  (1975)» The g e l  
m ix tu re  c o n s is t in g  o f 
5 »5s u re a
1 . 3ml o f 30^  acry lam id e  s o lu t io n  (b)
2 . 0ml w a te r
2.0m l o f 10^ (w /v) NP-40 
0.4m l am pholines pH5"7 
0 . 1ml am pholines pH3 . 5~10 
was made in  a  s id e  arm f l a s k .  The f l a s k  was s w ir le d  w ith  warming to  
d is s o lv e  th e  u re a  and th e n  d egassed  f o r  a  m inu te . P o ly m e risa tio n  was 
ach iev ed  by add ing  ICJul o f  TEMED and 10//1 o f IQffo (w/v) ammonium 
p e rs u lp h a te .  The m ix tu re  vzas lo ad ed  in to  g la s s  tu b e s  13cm long  by 2mm 
in s id e  d ia m e te r . The tu b e s  were f i l l e d  to  12.5om mark and th en
o v e r la id  w ith  ZOyul o f sam ple o v e rla y  s o lu t io n  (d ) and 2 (^1  o f w a te r . The
g e l  was l e f t  to  s e t  a t  37^0 f o r  2 h o u rs . A f te r  s e t t i n g ,  th e  tu b e s  were 
assem bled  in  a  s ta n d a rd  e le c t r o p h o r e s is  chamber a s  d e s c r ib e d  by O 'F a r r e l l  
and p re -ru n  a t
( i )  200 v o l t s  f o r  I 5  m inu tes
( i i )  300 v o l t s  f o r  30 m inu tes and
( i i i )  400 v o l t s  f o r  1 h o u r.
The sam ples were th e n  lo a d ed , o v e rla y ed  w ith  sam ple o v e rla y  (d ) and th e n  
ru n  a t  room te m p era tu re  a t  a  c o n s ta n t v o lta g e  o f  400 v o l t s  f o r  18 h o u rs . 
A f te r  th e  ru n ,  th e  g e l s  were removed from th e  tu b e s .  Some o f th e  g e ls  
were used  f o r  pH g r a d ie n t  d e te rm in a tio n  and th e  r e s t  were e q u i l ib r a te d
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i n  SDS”saniple b u f f e r  (k ) f o r  a t  l e a s t  3® m inutes and th en  ru n  in to  
SDS g e l  in  th e  second d im ension .
5* 4 .4  pH g ra d ie n t  d e te rm in a tio n
The g e l  f w  pH g ra d ie n t  d e te rm in a tio n  was c u t t r a n s v e r s e ly  in to  
1cm p ie c e s . Each o f  th e s e  p ie ces  was p laced  in  a  tu b e  c o n ta in in g  1ml 
o f  30mM potassium  c h lo r id e .  A f te r  s ta n d in g  f o r  ab o u t 16 h o u rs , th e  pH 
v a lu e  in  each  tu b e  was m easured by a  pH m eter a t  20^G. The pH g ra d ie n t  
o b ta in e d  i s  shorn  in  r e s u l t s .
The second d im ension g e l  e le c t ro p h o re s is  employed th e  SDS b u f fe r  
system s f i r s t  d e sc r ib e d  by Laemmli ( I 97O). The s la b  g e ls  were made in  
double g la s s  p la te s  a lm o s t s im i la r  to  th o se  d e s c r ib e d  by 0 ®F a r r e l l  
(1975) ,  Perspex  s t r i p s  1mm th ic k  were used  a s  sp a c e rs  and a  l i t t l e  
v a s e lin e  was used  t o  make a  w a te r - t ig h t  s e a l .  S e p a ra tio n  g e ls  o f 
un iform  c o n c e n tra tio n s  were p rep a red  from th e  r e c ip e s  shorn  in  Table I I I  
below . The volume in  each  case was enough f o r  2 p la te s  ( i . e .  2 
s e p a ra t io n  g e l s ) .
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30^  ACRYL 
SOLUTICW 
(I) (m l)
VOL OF VOL OF 
10^ SEPARATION 











6 10 0 .5 6 .2 5 33
00<0 10 0 .2 5
9 15 0 .5 6 .2 5 28
LLtQ 10 0 .2 5
12 20 0 .5 6 .2 5 23 10 .0 .2 5
15 25 0 ,5 6 .2 5 18 10 0 .2 5
18 30 0 .5 6 .2 5 13 10 0 .2 5
21 35 0 .5 6 .2 5 8 10 0 .2 5
24 40 0 .5 6 .2 5 3 10 0 .2 5
The 9fo s e p a ra t io n  g e l  we m ostly  used  was made my m ixing 
15ml o f 30^  ac ry lam id e  s o lu t io n  ( i )
0 . 5ml o f  10^ (w /v) SDS
6 .2 5  s e p a ra t io n  b u f f e r  (g) and
28.0m l w a te r . .
The m ix tu re  was degassed  f o r  2 m inu tes b e fo re  add ing  1 ( ^  o f  TEMED 
and 0 . 25ml o f 10^ (w /v) ammonium p e rs u lp h a te .  The m ix tu re  was poured 
in to  th e  mould to  a  l e v e l  20mm below  th e  bottom  o f th e  n o rc h . The 
m ix tu re  was o v e rlay ed  w ith  ab o u t 1ml o f w a te r . The m ix tu re  was l e f t  
to  po lym erise  f o r  2 h o u rs , a f t e r  which th e  w a te r was removed and th e n  
stacIdLng g e l  added t o  f i l l  th e  g e l  mould. F iv e  p e r c e n t s ta c k in g  g e l  
was p rep a red  by m ixing
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lOml o f  IC^ acry lam id e  s o lu t io n  ( j )
0.2m l o f 10^ (w /v) SDS
4.8m l o f  stacIdLng b u f f e r  (h ) and
4.8m l o f  m t e r .
The m ix tu re  was d egassed  and th e n  10/^1 o f TEMED and 0 .2m l o f 10^ (w /v) 
ammonium p e rsu lp h a te  were added t o  ach iev e  p o ly m e risa tio n . The m ix tu re  
was o v e rlay ed  w ith  a  p a s te u r  p i p e t t e f u l  o f w a te r and l e f t  to  po lym erise  
f o r  1 h o u r. The f i r s t  dim ension g e l  ( i s o e l e c t r i c  fo c u s in g  g e l )  was 
th e n  load ed  in to  th e  SDS g e l  and s e a le d  w ith  1 $  (w /v) a g a ro se , mixed 
w ith  0.01$!^(w /v) brom ophenol b lu e  made in  sam ple b u f f e r  (k ) .  The low er 
ta n k  o f  th e  e le c t r o p h o r e s is  a p p a ra tu s  was f i l l e d  if i th  e le c tro d e  b u f f e r  
(L ), th e  p la te s  lo ad ed  and th e n  th e  to p  ta n k  was f i l l e d  w ith  th e  same 
b u f f e r .  E le c tro p h o re s is  was ru n  a t  4mA per p la te  u n t i l  th e  tr a c k in g  
dye (bromophenol b lu e )  was ab o u t fmm from th e  bottom  of th e  g e l .
5 . 4 .6  D e tec tio n  o f p e p tid e s
A f te r  th e  run., th e g e l  was removed from th e  p la te s  and  f ix e d  w ith  
1 5  ^ (w /v) t r i c h lo r o a c e t i c  a c id  ( s o lu t io n  O) f o r  JO m in u te s . The g e l  
was th e n  s ta in e d  f o r  2 h o u rs  w ith  Goomassie b r i l l i a n t  b lu e  R250 
s o lu t io n  (P ) . The g e l  was f i n a l l y  d e s ta in e d  by so ak in g  in  s e v e ra l  changes 
o f  d e s ta in in g  s o lu t io n  (g ) and th e  p ro te in  p a t te r n  o b ta in e d  
photographed by a  33mm cam era.
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blood
s p in  a t  500%  f o r  10 m inu tes > 
VRED blood cells
Wash 3X in  O .I5M PBS pH8 
and s p in  a t  jOOOg f o r  10 m inu tes 
each tim e .
i
RED blood cells
Lyse 2X in  5 ^  sodium phosphate 
b u f f e r  PH8 and s p in  a t  10 OOOg 
f o r  10 m inu tes each  tim e ,
Ÿ
RED blood cell GHOSTS
Wash in  lOmM T ris-H G l b u f f e r  
pH8 and s p in  a t  10 OOOg f o r  
10 m in u tes .
RED blood cell GHOSTS
Suspend in  56mM sodium b o ra te  b u f f e r  
PH8 and sp in  a t  10 OOOg f o r  
10 m in u tes .
ŸRED CELL GHOSTS
Suspend in  56mM sodium b o ra te  b u f f e r  
pH8 and sp in  a t  3 0  OOOg f o r  
10 m in u tes .
RED CELL MEMBRANES (F in a l  P e l l e t )
FIGURE 3 
Flow diagram  f o r  p re p a ra t io n  o f 







F igu re  4 D ensitom etry  re c o rd in g s  o f Goomassie b lu e  R2^0 
s ta in e d  SDS”*polyacrylam ide g e l  e le c t r o p h o r e t ic  
p o ly p e p tid e  p a t te rn  o f  e ry th ro c y te  membranes 
from  Duchenne D ystrophy p a t ie n ts  (M D) and 
norm al c o n t ro l  (n ) .  The p o ly p e p tid e s  were 




d i s t a n c e (cm)
F ig u re  5 pH g ra d ie n t  f o r  i s o e l e c t r i c  fo cu s in g  g e l  ( f i r s t
dim ension g e l ) .  The ze ro  p o in t on th e  a b s c is s a  i s  
th e  n e g a tiv e  end o f th e  g e l  i . e .  o r ig in  o f 
e le c t ro fo c u s in g .
results
6 .2  S o lu b i l i s a t io n  o f  e ry th ro c y te  membranes
E ry th ro c y te  membranes were p rep ared  by ly s in g  c e l l s  in  h y po ton ic  
s o lu t io n  b u f fe re d  a t  pH 8 . Ihe washed membranes were th e n  
s o lu b i l i s e d  in  s to c k  g r in d in g  s o l u t i o n / l y s i s  s u p p le m e n t/ ly s is  
b u f f e r . T h is  p rocedure  com p le te ly  s o lu b i l i s e d  th e  membranes because 
sp in n in g  o f th e  s o lu b i l i s e d  membranes a t  _$0 OOOg f o r  30 m inu tes 
f a i l e d  t o  produce any p e l l e t .  The s o lu b i l i s e d  membranes p ro te in s  
were ru n  on two d im en sio n a l g e l  a s  d e sc r ib e d  in  m ethods. The 
i s o e l e c t r i c  fo c u s in g  g e l  c o n s is te d  o f  4^ acry lam ide  w ith  a  c ro s s -  
l in k in g  o f  ^ 0  The pH g ra d ie n t  was formed by 2^ am j^iolytes com prised 
o f 0 .1m l pH 3<»5 ” 10 and  0.4m l pH 5 7 am pho lines. A f te r  fo c u s in g
a t  330 v o l t s ,  c o n s ta n t v o l ta g e , f o r  16 h o u rs , th e  pH g ra d ie n t  f o r  th e  
i s o e l e c t r i c  fo c u s in g  g e l ,  f ig u r e  5> was o b ta in e d  by
i )  c u t t in g  th e  g e l  i n to  1cm p ie c e s
i i )  w ashing th e  s l i c e s  o v e rn ig h t in  1ml a l iq u o ts  o f  30mM KOI and
i i i )  m easuring  pH v a lu e s  o f  1ml KCl a l iq u o ts  a t  20°C.
The pH g ra d ie n t  curve o b ta in e d  la y  between pH 4»7 and pH 7=2
(F igu re  5 )»
The sam ples ru n  on s in g le  dim ension SDS-fAGE (F ig u re  4 ) were f i r s t  
d is so lv e d  in  SDS sam ple b u f f e r  b e fo re  lo a d in g  onto  9^  acry lam ide  
acry lam id e  g e l s .  F ig u re  4  shows th e  ty p i c a l  scan  p a t te r n s  o b ta in ed  
f o r  th e  norm al c o n t ro l  and Duchenne m uscular dy stro p h y  sam ples. No 
c o n s is te n t  d i f f e r e n c e s  were observed  between Duchenne m uscular 
d y stro p h y  sam ples and  th o se  from norm al c o n t ro ls .
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F ig u re  6 A p a t te rn  o f  p ro te in  s p o ts  from a  p re p a ra tio n  o f 
e ry th ro c y te  membranes from a  norm al c o n tro l  
s u b je c t .  0 . 8mg of p ro te in s  were a p p lie d  on a 
f i r s t  dim ension g e l .  The two d im ensional g e l 
i s  shown w ith  a c id  end to  th e  l e f t  and SDS 
e le c t r o p h o r e s is  p ro ceed ing  downwards in  9^  g e l .
46
F i g u r e  7  Tw o d i m e n s i o n a l  g e l  p r o t e i n  i « , t t e m s  f r o m  a
— -----------  n o r m a l  c o n t r o l  s u b j e c t .  0 .? m g  o f  e r y t h r o c y t e
m em b ra n e  p r o t e i n s  w e r e  s e i a r a t e d  i n  12$^ g e i  
i n  t h e  s e c o n d  d i m e n s i o n .
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F ig u re  8 -tro te in  p a t te r n s  o f e ry th ro c y te  membranes from 
Duchenne m uscu lar d y s tro p h y  c a r r i e r .  0.8mg of 
p ro te in s  were s e p a ra te d  in  9^ g e l ,  in  th e  second 
d im ension .
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Figure  9 Same a s  F ig u re  8 ex ce p t t h a t  1.2mg of 





F ig u re  10 î t o t e i n  p a t te r n s  f o r  e ry th ro c y te  membranes 
from Duchenne m uscular d ystrophy  p a t ie n t .  
0 . 8mg of ITot e in s  were se p a ra te d  in  9^  g e l 
in  th e  second dim ension .
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6*3 Tifo d im ensional g e l  e le c t ro p h o re s is
The q u a n t i t i e s  o f p ro te in  lo ad ed  onto th e  i s o e l e c t r i c  fo cu s in g  
g e ls  were determ ined  by th e  method o f Lowry e t  a l .  ( I 95I ) .  The 
i s o e l e c t r i c  fo c u s in g  procedure  was c a r r ie d  o u t acc o rd in g  to  th e  method 
o f  0*F a r r e l l  (1975) a s  d e sc r ib e d  in  m ethods. The 9»5^ u re a /2 ^  NB-40 
in  th e  i s o e l e c t r i c  fo c u s in g  g e ls  m a in ta in ed  th e  p ro te in s  in  a  
d en a tu red  s t a t e .  A f te r  th e  ru n  th e  i s o e l e c t r i c  fo c u s in g  g e ls  were ru n  
a t  r i g h t  a n g le s  in t o  9^ ,  12^ o r d isc o n tin u o u s  SDS g e l s .  F ig u re s  6 
and 7 show th e  ty p i c a l  r e s u l t s  o b ta in e d  by ru n n in g  in  9^  and 12^
SDS g e ls  r e s p e c t iv e ly .  The r e s u l t s  su g g es t t h a t  th e  commonly 
d e sc r ib e d  one d im en sio n a l sodium dodecy l s u lp h a te  p ro te in  o f human 
e ry th ro c y te  membranes may r e p r e s e n t  an o v e r s im p lif ic a t io n  o f th e  
numbers o f in d iv id u a l  p o ly p e p tid e s  p re s e n t w ith in  t h i s  s t r u c tu r e .
About one hundred and f i f t y  p e p tid e s  were v is u a l i s e d  in  9fo g e ls  when 
s ta in e d  w ith  Goomassie b lu e  R250» The 9fo g e ls  were a b le  t o  c l e a r ly  r e s o lv e  
p ro te in s , o f  . .s iz e s  la r g e r  th a n  20 000 d a l to n s .  F ig u re s  8 , 9 and 10 
show s e p a ra t io n s  in  9^ g e ls  o f sam ples from Duchenne m uscu lar d y s tro p h y  
p a t ie n t s  and c a r r i e r s .  When o.Bmg o f p ro te in s  were load ed  to  th e  f i r s t  
dim ension g e ls  (F ig u re s  6 , 8 and lO ), on ly  th e  more abundant p e p tid e s  
were c l e a r ly  v is u a l i s e d .  The v i s u a l i s a t i o n  o f  m inor components 
re q u ir e d  m assive o v e rlo a d in g  o f th e  f i r s t  d im ension g e l s .  In  F ig u re  9 
1.2mg o f p ro te in s  were a n a ly se d . Some minor components became a p p a re n t 
and abou t 200 p e p tid e s  co u ld  be coun ted  in  F ig u re  9» The u se  o f 7=24 
p e r c e n t g ra d ie n t  g e l s  r e s o lv e d  over 3OO p e p tid e s  (F ig u re  I 9 ) ,
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F igu re  11 S e c tio n s  from  12% g e ls  showing th e  h ig h
m olecu la r w eigh t e ry th ro c y te  membrane p ro te in  
p a t te rn s  o f  Duchenne m uscular dystro iS iy  












F igu re  12 S e c tio n  from 1 ^  g e l  showing th e  h igh  
m o lecu la r w e i ^ t  p ro te in  p a t te r n s  o f 
norm al c o n tro l  s u b je c t .  Mapping o f 










Figure  13 S e c tio n s  from 9^  g e ls  in c lu d in g  p e p tid e s  
o f  m o lecu la r  w eigh ts 100 000 -  I 35 000.
54






F igure  14 S e c tio n s  from g e ls  a s  in  F ig u re  I 3 ,
b u t th e  p e p tid e s  were o f e ry th ro c y te  membranes 
from Duchenne m uscu lar d y s tro ii iy  c a r r i e r s  (c ) 











F igure  15 S e c tio n s  from 9^ g e ls  showing th e  low m o lecu la r 
w eight e ry th ro c y te  membranes p e p tid e  p a t te r n s . 
DMD-Duchenne m uscu lar dystrophy  p a t ie n ts  
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F igu re  16 S e c tio n  from ^  g e l  showing low m o lecu la r
w eight e ry th ro c y te  membranes p e p tid e  p a t te rn s  
The membranes were p repared  from Duchenne 
m uscu lar d ystrophy  c a r r i e r  ( c ) .  Lower p a r t  
shows th e  map o f th e  p a t te rn s  from norm al 











F ig u re  17 As in  F ig u re  I 5 ex ce p t t h a t  th e  l a t t e m s  
were o f sam ples from lim b -g ird le  (L-G) 










F ig u re  18 E le c tro fo c u s in g  o f d en a tu red  e ry th ro c y te  
membrane p ro te in s  from Duchenne m uscular 
dy s tro p h y  l a t i e n t s  and c o n t ro l  s u b je c ts  
on a  th in  la y e r  Ampholine po lyacry lam ide 





F ig u re  19 iT o te in  p a t te rn s  o f  e ry th ro c y te  membranes from 
norm al c o n t ro l  s u b je c t  s e p a ra te d  on 7“2^  
l i n e a r  g ra d ie n t  g e l ,  in  th e  second d im ension. 
1 . 2mg o f p ro te in  was a p p lie d  on th e  f i r s t  





F ig u re  I9b  Diagram matic r e p re s e n ta t io n  o f th e  same
g e l shown in  F ig u re  19 w ith  th e  pH a x is  and th e  
d i r e c t io n s  o f i s o e l e c t r i c  fo c u s in g  (IEF) and 






M o b ility  cu rv es  o f s ta n d a rd  p ro te in s  in  (a )Sffo g e l  and (B) 1 ^  g e l s .  Samples î 
faT f ib r in o g e n  ( b / l ^ g l o b u l i n  
(c ) bov ine serum album in (d) ovalbumin 
(e ) t r y p s in  ( f )  myoglobin (g) cytochrome G
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6 .4  S ea rch in g  f o r  v a r ia n ts
F ig u re s  11”17 show s e c t io n s  o f  two d im en sio n a l g e ls  i l l u s t r a t i n g  
methods o f com paring sam ples from  norm al c o n t ro l  s u b je c t s ,  Duchenne 
m uscu lar d y s tro p h y  c a r r i e r s  and p a t ie n t s  and l im b -g ird le  
d ystrophy  p a t i e n t s .  Polymorphisms were n o t e v id e n t from com parisons 
o f p e p tid e s  l a r g e r ,  in  a p p a re n t m o lecu la r w e ig h t, th a n  ^0 000. S ince  
p ro longed s to ra g e  a t  "80^0 i s  known to  produce pronounced changes in  
p ro te in  p a t te rn s  (Rubin and M ilikow ski (1 9 7 8 )) , polymorphisms observed  
f o r  p e p tid e s  sm a lle r  th a n  _50 000 d a lto n s  m ight have been due to  
d i f f e r e n c e s  in  le n g th s  and c o n d itio n s  o f s to ra g e  o f sam ples a t  c e n tre s  
t h a t  p ro v id ed  us w ith  t e s t  sam ples.
6 .5  I s o e l e c t r i c  fo c u s in g  o f  co m p le te ly  d en a tu red  e ry th ro c y te  membrane 
p ro te in s  in  th in  la y e r  p o lyacry lam ide  g e l s .
The m ost common u se s  o f  a n a l y t i c a l  e le c tro fo c u s in g  in  t h in  la y e r  
p o lyacry lam ide g e ls  in c lu d e s
( I )  checlding p u r i ty  o f  sam ples
( I I )  D eterm ining i s o e l e c t r i c  p o in ts
and ( i l l )  A n a ly s is  o f  p ro te in  h e te ro g e n e ity .
The te c h n iq u e  i s  o f  g r e a t  im portance  because o f  (a )  r e p r o d u c ib i l i ty  
and (b) e x c e l le n t  r e s o lv in g  power. Here we u sed  a n a l y t i c a l  
i s o e l e c t r i c  fo c u s in g  in  an a tte m p t t o  ty p e  g e n e t ic  polymorphism in  
Duchenne m uscular d y s tro p h y . - ’
The th in  la y e r  po lyacry lam ide  a n a l y t i c a l  i s o e l e c t r i c  fo c u s in g  was 
perform ed on LKB m u ltip h o r  in  pH 3*5 10 g r a d ie n t .  The e ry th ro c y te
membrane p ro te in s  a n a ly se d  were com ple te ly  d en a tu red  by s o lu b i l i s in g  them 
in  s to c k  g r in d in g  s o l u t i o n / l y s i s  su p p le m e n t/ ly s is  b u f f e r  a t  20°G.
F ig u re  18 shows th e  e ry th ro c y te  membrane p ro te in  p a t te rn s  o b ta in ed
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f o r  Duchenne m uscu lar d y s tro p h y  an d , norm al c o n t ro l  sam p les . No 
g e n e t ic  v a r ia n ts  were seen  by t h i s  method. The i s o e l e c t r i c  fo c u ss in g  
method was adop ted  f o r  ty p in g  v a r ia n t s  in  Duchenne m uscu lar dystrophy  
because o f i t s  su c c e ss  in  ty p in g  Haemoglobin and a lp h a ^ l^ a n t i t r y p s in  
v a r ia n ts  (Jep p sso n , 1977).
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7 ,1  D iscu ssio n s
F o r any human g e n e t ic  d is e a s e ,  some p ro te in  must e i t h e r  he 
la c k in g  o r  be so  a l t e r e d  by m u ta tio n  t h a t  i t s  fu n c tio n  i s  d e fe c tiv e  
and th u s  causes th e  symptoms o f th e  d is e a s e .  The a l t e r e d  p ro te in  may 
r e s u l t  in  abnorm al com position  and  a l t e r e d  fu n c tio n  o f s u r fa c e  
membranes. The a b n o rm a lity  in  plasmalemma co u ld  in v o lv e  a  s t r u c t u r a l  
p ro te in  o r an enzyme o f th e  membrane o r i t  cou ld  be t h a t  an abnorm al 
enzyne h as  le d  to  an abnorm al placem ent o f l i p i d s ,  p ro te in s  o r 
g ly c o p ro te in s .
C u rren t ev idence su g g e s ts  t h a t  th e  f u n c t io n a l  g e n e t ic  f a u l t  of 
m uscular d y s tro p h ie s  a f f e c t s  an  enzyme o r a  s t r u c t u r a l  p ro te in  which 
i s  d ec re ase d  in  amount o r  re n d e re d  fu n c t io n a l ly  abnorm al because o f 
an a l t e r e d  amino a c id  sequence . In  e i t h e r  c a s e , th e  a l t e r e d  p ro te in  
r e s u l t s  in  abnorm al com position  and a l t e r e d  fu n c tio n  o f s u r fa c e  
membranes o f m uscles and o th e r  c e l l s  p a r t i c u la r ly  e ry th ro c y te s .
E ry th ro c y te s  in  Duchenne m uscu lar d ystrophy  have been r e p o r te d  to  have 
a l t e r a t i o n s  in  ( s h a a f i  e t  a l . ,  1975) ^nd Ca^** ( P l is h e r  e t  a l . ,  197&) 
p e rm e a b il i ty ,  in c re a s e d  osm otic f r a g i l i t y  (Somers e t  a l . ,  1979;
Kim e t  a l . ,  I 98O), in c re a s e d  e l e c t r o p h o r e t ic  m o b ili ty  (Bosman e t  a l ,  1976)* 
e le v a te d  (Ca^”*" + Mg^^) ATlbse (L u th ra  e t  a l . ,  1979)» red u ced  oubain 
i n h ib i t i o n  o f  (Na^ + K^) ATîbse (Pearson  T . , 1978) and abnorm al ad en in e  
m etabolism  (Solomons e t  a l . ,  1977)- Œ" th e  re p o r te d  a b n o rm a lit ie s  in  
re d  b lo o d  c e l l s ,  th e r e  i s  c o n tro v e rsy  o f ab o u t 60 p e r c e n t  o f th e  
o b se rv a tio n s  and o th e rs  a w a it c o n firm a tio n . D esp ite  th e se  d i f f i c u l t i e s ,  
i t  i s  g e n e ra l ly  ag re e d  t h a t  e ry th ro c y te  membranes a re  d e f e c t iv e  in  
m uscu lar d ystrophy  d is o r d e r s .  The p h y s ic a l s t a t e  o f  plasm a membrane, 
which i s  determ ined  by th e  type  o f  p h o sp h o lip id s , th e  ch a in  leng"bh 
o f f a t t y  a c id s ,  th e  r e l a t i v e  p ro p o r tio n  o f s a tu r a te d  and  u n s a tu ra te d
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f a t t y  a c id s  and th e  c h o le s te r o l  c o n te n t and th e  s t a t e  o f 
i n t e r a c t io n s  o f l i p i d s  and p r o te in s ,  in f lu e n c e s  th e  a c t i v i t i e s  o f 
membrane “"bound enzymes and th e  p e rm e a b il ity  o f membranes f o r  io n s  
and o th e r  su b s ta n c e s . T h e re fo re , an a l t e r a t i o n  o f a  l i p i d  o r 
p ro te in  com position  o f e ry th ro c y te  membranes in  m uscu lar d y s tro p h ie s  
may be r e s p o n s ib le  f o r  th e  observed  s t r u c t u r a l  and f u n c t io n a l  changes.
In  th e  p re s e n t s tu d y , SDS po lyacry lam ide g e l  e le c t ro p h o re s is  was 
perform ed on e ry th ro c y te  membrane p ro te in s  o b ta in e d  from norm al c o n t ro l  
s u b je c ts  and  Duchenne m uscu lar d y s tro p h y  p a t i e n t s .  S im ila r  p ro te in  
p a t te rn s  were o b ta in e d  a s  shown in  F ig u re  4 , The r e s u l t s  o b ta in ed  h e re  
a g ree  w ith  th o se  p re v io u s ly  r e p o r te d  by Roses e t  a l .  ( l9 ? 6 ) ,
Kobayashi e t  a l .  (1978) and T o r to le ro  e t  a l .  (1979). Sodium dodecyl 
s u lp h a te  po lyacry lam ide  g e l  e le c t ro p h o re s is  o f  r e d  b lo o d  c e l l  
membrane p ro te in s  a c c o rd in g  t o  F a irb an k s  e t  a l .  (1971) produced, a s  
ex p ec ted , seven p ro te in  bands, numbered 1 t o  7 in  F ig u re  4 . Tliere i s  
no p r io r  re a so n  t o  assum e, how ever, t h a t  any p a r t i c u l a r  s ta in a b le  
band i s  homogenous and ind eed  two d im ensional g e l  e le c t ro p h o re s is  of 
r e d  b lood  c e l l  membrane p ro te in s  produced over two hundred p e p tid e s  
(Rubin and M ilikow sk i, 1978)* I n  th e  p re se n t s tu d y , two d im ensional 
g e l  e le c tro p h o re s is  in  9^ g e ls  (F ig u re s  6 , 8 -  10) i d e n t i f i e d  abou t 
150 ppeptides and w e ll  over 3OO p e p tid e s  were counted  when 7 t o  24 
p e r c e n t g ra d ie n t  second  d im ension SDS ^ e ls  were used  (F ig u re  I 9 ) .
s p e c t r in  (bands 1 and 2 ) i s  an e x t r i n s ic  p ro te in  lo c a te d  on th e  
cy to p lasm ic  su r fa c e  o f  th e  e ry th ro c y b e  membrane. I t  m ig ra te s  on 
sodium dodecy l s u lp h a te  p o lyacry lam ide  g e ls  w ith  an a p p a re n t m o lecu la r 
w eigh t o f  200 000 -  240 000, I t s  fu n c tio n s  in c lu d e s
i )  d e te rm in in g  th e  shape o f r e d  H ood  c e l l s
i i )  s t a b i l i s i n g  o f  l i p i d  b i l a y e r
i i i )  c o n t r ib u t in g  to  l i p i d  asymmetry
and iv )  in f lu e n c in g  th e  d i s t r i b u t io n  o f i n t e g r a l
membrane p r o te in s .
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A b n o rm alitie s  in  s p e c t r in  and s p e c t r in ^ r e la te d  fu n c tio n s  have been 
r e p o r te d  in  Duchenne m uscu lar d y s tro p h y . They in c lu d e  in c re a s e d  phosp h o ry l­
a t io n  o f s p e c t r in  (Roses e t  a l . ,  1976), in c re a s e d  osm otic f r a g i l i t y  o f 
e ry th ro c y te s  (F is c h e r  e t  a l . ,  1976) and red u ced  d e fo rm a b il i ty  (Percy  
and M il le r ,  1975)» In  t h i s  s tu d y  we u ndertook  tw o-d im ensional g e l  
e le c t ro p h o re s is  in  1 ^  SDS g e l  (second dim ension g e l )  t o  s e p a ra te  
h ig h  m o lecu la r w eigh t p e p tid e s  o f  e ry th ro c y te  membranes. F o rty  
p e p tid e s  m ig ra tin g  w ith  m o lecu la r w eigh ts  o f between 100 000 and 
220 000 were s e p a ra te d . We presumed t h a t  m ost o f th e se  com prised o f 
bands 1 and 2 ( s p e c t r i n ) .  Our r e s u l t s  were n o t  a b le  to  show any 
c o n s is te n t  d i f f e r e n c e s  between norm al c o n tro l  sam ples and  th o se  from 
Duchenne m uscular d y s tro p h y  p a t i e n t s  and c a r r i e r s  (F ig u re s  11 and 1 2 ) .
The r e s u l t s  seem to  s u p p o r t th e  view  t h a t  s p e c t r in  may be norm al in
Duchenne m uscular d y s tro p h y  (F alk  e t  a l . ,  1979).
Two d i f f e r e n t  ty p e s  o f transm em brane p ro te in s  have been id e n t i f i e d :
i )  T ra n sp o r t p r o te in s  (Band 3) 
and i i )  R ecep to r p r o te in s  (g ly co p h o rin s)
P re lim in a ry  in v e s t ig a t io n s  have r e p o r te d  norm al s ia lo g ly c o p ro te in s  
(g ly co p h o rin s)  in  m uscu lar d y s tro p h ie s .  The g ly c o ih o r in s  a re  
l^ io sp h o ry la ted  n o rm ally  in  m yotonic dystrophy  (Wong and  R oses, 19 7 9 )«
Band 3 m ig ra te s  on SDS po lyacry lam ide g e ls  i d th  an ap p a re n t 
m o lecu la r w eigh t o f 90 000 -  100 000. I t  i s  a s s o c ia te d  w ith  s p e c t r i n ,  
band 4 and th e  Na, K, Mg-ATiase a c t i v i t i e s .  Band 3 h as  been s u b je c te d  
to  c o n s id e ra b ly  a n a ly s i s  w ith in  th e  l a s t  10 y e a r s .  Roses e t  a l .  (1975) 
r e p o r te d  in c re a s e d  p h o sp h o ry la tio n  o f band 3 lu  Duchenne m uscular 
d y s tro p h y . S ubsequen tly  I y e r  e t  a l .  (1977)* Wong and Roses (1979) 
and T o r to le ro  e t  a l ,  (1979) r e p o r te d  norm al Jb io spho ry la tion  o f band 3 
in  Duchenne d y s tro p h y . I n  th e  p re s e n t  s tu d y , our tw o-d im ensional 
P ro te in  p a t te r n s  betw een 50 000 and 100 000 d a l to n s  (F ig u re s  15“17)
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cou ld  n o t  show any c o n s is te n t  d if f e r e n c e s  betw een norm al c o n tro l  and 
Duchenne m uscular d y s tro p h y  sam ples- F u l l  in v e s t ig a t io n s  in  our la b o ra to ry  
were p lagued  by l im i te d  sample s u p p l ie s ,  we th e re f o r e  f e e l  t h a t  more 
experim en ts  a re  needed to  confirm  t h i s  f in d in g .  The r e l a t i o n
“f* Q-j-o f band 3 to  th e  p re v io u s ly  r e p o r te d  abnorm al t r a n s p o r t  o f K and Ga 
a c ro s s  membranes h as  n o t  y e t been c le a r ly  fo rm u la ted  a lth o u g h  th e  
g ly c o p ro te in  (band 3 ) I s  Imown to  a f f e c t  th e  t r a n s p o r t  o f io n s  a c ro s s  
m em brane«barrie rs .
Band 5 o r re d  b lo o d  c e l l  a c t i n  m ig ra te s  w ith  an a p p a re n t 
m o lecu la r w eigh t o f 42 000 on sodium dodecy l s u lp h a te  g e l s .  A ctin  
p o ly m e risa tio n  i s  induced  by th e  p h osp iio ry la ted  s t a t e  o f s p e c t r in .  
A b n o rm alitie s  in  th e  p h o sp h o ry la tio n  o f s p e c t r in  may, th e r e f o r e ,  
a f f e c t  th e  fu n c tio n  o f  a c t i n .  UP t o  now th e re  i s  no ev idence  t h a t  band 3 
i s  abnorm al in  Duchenne m uscu lar d y s tro ib y . In  t h i s  r e p o r t ,  low 
m o lecu la r w eigh t p e p tid e  maps co u ld  n o t show c o n s is te n t  d if f e re n c e s  
between Duchenne d y s tro p h y  sam ples and th o se  from norm al c o n t ro ls .
A lthough our p ro te in  p a t te r n s  around  40 000 d a lto n s  were n o t very  
i d e n t i c a l  b u t ,  d i f f e r e d  from sam ple to  sam ple, th e  d if f e re n c e s  
seemed n o t  t o  be r e l a t e d  to  th e  d is e a s e s  under in v e s t ig a t io n .  The 
observed  h e te ro g e n e ity  was most p robab ly  due t o  v a r ia t io n s  in  s to ra g e  
c o n d it io n s .
FINAL NOTE: A lthough we d id  n o t  observe any c o n s is te n t  d if f e r e n c e s
between t e s t  and c o n t ro l  sam ples, we would l i k e  to  p o in t ou t t h a t  
f u l l  and c o n c lu s iv e  in v e s t ig a t io n s  were p lagued  by l im i te d  supp ly  
o f t e s t  sam ples.
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7 .2  Concluding Remarks
A lthough i t  i s  knom  t h a t  Duchenne m uscu lar d y s tro p h y  i s  th e  
m ost t r a g i c  v a r ie ty  o f  a l l  th e  d y s tro p h ie s  and t h a t  i t  i s  due to  
an X“lin k e d  r e c e s s iv e  t r a i t ,  v e ry  l i t t l e  i s  loioï-m ab o u t th e  
p a th o g e n e s is . At p r e s e n t ,  i d e n t i f i c a t i o n  o f c a r r ie r -m o th e r s  and 
sex  o f unborn c h i ld  and th e n  a b o r t in g  a l l  male f e tu s e s ,  seems to  
be th e  on ly  way o f p re v e n tin g  th e  d is e a s e .  T h is  g iv e s  l i t t l e  com fort 
because o n e - th i rd  o f th e  cases  i s  believed  to a r i s e  from new m u ta tio n s . 
D esp ite  immense p r o l i f e r a t i o n  o f  r e s e a rc h  e f f o r t  on m uscu lar 
d y s tro p h ie s ,  nobody can b o ld ly  sa y  a n y th in g  u s e f u l  ab o u t HOW and WHERE 
to  se a rc h  f o r  th e  fundam enta l d e f e c t .  The n a tu re  o f th e  b a s ic  
a b n o rm a lity  in  m uscle c e l l s  w hich causes them w aste i s  s t i l l  f a r  from 
b e in g  u n d e rs to o d . Nobody u n d e rs ta n d s  why some s k e l e t a l  m uscles a re  
a f f e c te d  more th a n  o th e r s .  The d isc o v e ry  o f th e  b a s ic  d e fe c t  in  
Duchenne m uscu lar d y s tro p h y  may le a d  to  d i r e c t  cu re  o r  a t  l e a s t  t o  
e f f e c t iv e  c o n tro l  o f th e  c l i n i c a l  m a n ife s ta t io n s .  N eed less to  say  t h a t  
i t  i s  e q u a l ly  p o s s ib le  to  f in d  an e f f e c t iv e  cu re  o f  some o f th e  
symptoms m th o u t  th e  Imowledge o f  th e  n a tu re  o f  th e  g e n e t ic  d e f e c t .
A lthough a  number o f  th e o r i e s  in c lu d in g :
i )  th e  myogenic th e o ry
i i )  v a s c u la r  h y p o th o th e s is  
and i i i )  n eu ro g en ic  h y p o th e s is  
have been advanced f o r  th e  p a th o g e n e s is  o f m uscu lar d y s t ro p h ie s , 
c u r re n t  i n t e r e s t  c e n t r e s  on th e  p o s s i b i l i t y  t h a t  th e re  may be a  d e f e c t  
in  th e  plasm a membrane o f m uscle and o th e r c e l l s  p a r t i c u la r ly  
e ry th ro c y te s .  U n fo r tu n a te ly  many c o n f l i c t in g  r e s u l t s  have emerged 
from r e c e n t  in v e s t ig a t io n s .  One, n e v e r th e le s s ,  wonders w hether th e  
observed  a b n o rm a lit ie s  were due to  th e  d e f e c t  o r  due to
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i )  to o  few sam ples s tu d ie d
i i )  random c o n t ro ls  n o t p ro p e r ly  m atched f o r  
age and sex
i i i )  poor ex p e rim e n ta l d es ig n s  t h a t  cou ld
have g iven  a l t e r n a t iv e  i n t e r p r e t a t i o n s .
F in a l ly ,  a lth o u g h  many in v e s t ig a to r s  have r e p o r te d  a b n o rm a lit ie s  
lin k e d  t o  membrane d e f e c t s ,  th e r e  a re  no r e a l  grounds f o r  b e l ie v in g  
t h a t  th e se  p a r t i c u l a r  a b n o rm a li t ie s  a re  any c lo s e r  t o  th e  gene 
d e fe c t  th a n  o th e r  d e f e c ts  r e p o r te d  in  o th e r  sy stem s. The g a te  to  th e  
f i e l d  o f s e a rc h in g  f o r  g e n e t ic  d e f e c ts  rem ains wide open and th e  




1. An H is to r ic a l  Background
C y s tic  f i b r o s i s  (C .F .)  i s  one o f th e  most common g e n e t ic  
d is e a s e s  in  c h i ld re n  and young a d u l t s  in  c o u n tr ie s  w ith  la rg e  C aucasian 
p o p u la tio n s . The d is e a s e  m a n ife s ts  i t s e l f  a s  a  g e n e ra l is e d  d is o rd e r  
p r im a r ily  a f f e c t in g  th e  e x o c rin e  g la n d s  b u t th e  b a s ic  d e f e c t  r e s u l t i n g  
from th e  double dose o f th e  d e f e c t iv e  gene i s  s t i l l  unknovm.
The say in g  from  th e  German f o lk lo r e  o f th e  m id -n in e te e n th  c en tu ry  
l i t e r a l l y  t r a n s l a te d  a ss
"The c h i ld  w i l l  soon d ie  whose brow 
t a s t e d  s a l t y  when k is se d "  
i s  b e lie v e d  t o  be th e  e a r l i e s t  r e fe re n c e  to  c y s t i c  f i b r o s i s  (Wood e t  a l .  
1976)* The g e n e t ic  n a tu re  o f th e  d is e a se  was p robab ly  f i r s t  
n o tic e d  by G arrod and H u rtley  ( I 912) who a s c r ib e d  M endelian r e c e s s iv e  
in h e r i ta n c e  to  f a m i l i a l  c o n g e n ita l  s te a to r r h e a  which was probab ly  
c y s t ic  f i b r o s i s .  The te rm 'b y s t ic  f i b r o s i s  o f th e  p an creas"  l a t e r  
sh o rte n e d  t o  "CYSTIC FIBROSIS" was f i r s t  u sed  by Andersen (1938)» Two 
y e a rs  b e f o r e , th e  d is e a s e  had been d e sc r ib e d  by Fanconi (1936) fo llo w in g  
th e  r e c o g n i t io n  o f th e  a s s o c ia t io n  between c o n g e n i ta l  c y s t i c  
p a n c re a tic  f i b r o s i s  and b ro n c h io e c ta s is . O ther names were proposed f o r  
th e  d is o rd e r  b u t th e  m ost p o p u la r o f th e s e ,  "MUCOVISCIDOSIS" proposed 
by F a rb e r  (1945) becau se  o f th e  o b se rv a tio n  o f in c re a s e d  v i s c o s i ty  o f  
mucous s e c r e t io n s  i s  som etim es s t i l l  used  to d a y .
2 . C l in ic a l  and p a th o g e n e tic  m a n ife s ta t io n s
2 .1  G a s t r o - in te s t in a l  system
In  more th an  80 p e r c e n t o f th e  c h i ld re n  w ith  c y s t i c  f i b r o s i s ,  th e
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i n i t i a l  g a s t r o i n t e s t i n a l  m a n ife s ta t io n  i s  th e  m a lab so rp tio n  o f f a t  
and p ro td n  a s  a  r e s u l t  o f p a n e re a tic  in s u f f io ie n c y  (Redjiiond, I 98O ).
T h is  i s  a  consequence o f th e  p ro g re s s iv e  d e s t r u c t io n  o f th e  pancreas 
which occu rs  in  t h i s  d is o rd e r .  A f te r  abou t Z y e a rs  o f a g e , th e  p an creas  
o f  a  p a t ie n t  may be u n reco g n ise d  ex c e p t as  i s l e t s  c lu s te r e d  in  
f ib r o u s  o r ad ip o se  t i s s u e .  D e fic ie n c y  o f p a n c re a tic  l i p a s e ,  
t r y p s in ,  chym otrypsin  and carb o x y p ep tid ase  a s  a  consequence o f p a n c re a tic  
d e s t r u c t io n  and in c re a s e d  b i l e  a c id  lo s s  (Sm alley e t  a l ,  1978) r e s u l t  in  
marked a z o to r rh e a  and s te a to r r h e a .  The tre a tm e n t o f  m a lab so rp tio n  
i s  p r im a r i ly  p a l l i a t i v e  and i s  accom plished  by p a n c re a tic  enzyme rep la cem e n t 
a s s o c ia te d  w ith  low f a t  and h ig h  p ro te in  d i e t  w ith  -vdtamins A and D 
su p p lem en ts .
Twenty p er c e n t o f  th e  p a t i e n t s  w ith  c y s t i c  f i b r o s i s  a re  
c h a ra c te r i s e d  by d i l a t a t i o n  o f sm a ll i n t e s t i n e  f i l l e d  w ith  th ic k e n e d  
meconium i l e u s .  The colon  i s  narrow ed b u t r e tu r n s  to  norm al a f t e r  
r e l i e f  o f o b s tru c t io n .  D uring th e  f i r s t  y e a r  o f l i f e ,  most p a t ie n t s  
produce la rg e  fo u l  s t o o l s ,  have ravenous a p e t i t e s  b u t poor w eigh t g a in  
(L ippe, 1980) .  R e c ta l  p ro lap se  due to  lo s s  o f w eig h t, passage o f 
bu lky  s to o ls  and in c re a s e d  abdom inal p r e s s u re , i s  a p p a re n t in  20 p e r c e n t 
o f u n tr e a te d  p a t ie n ts  in  th e  f i r s t  th re e  y e a rs  o f l i f e .  Some p a t ie n t s  
show d is a c c h a r id e  in to le r a n c e  and  d e f ic ie n c y  o f  i n t e s t i n a l  l a c ta s e  
(Bakken and M o tz fe ld t, 1979)» P ro g re ss iv e  b i l i a r y  c i r r h o s i s  i s  
d e te c ta b le  c l i n i c a l l y  (S c h u s te r  e t  a l . ,  1977) and h i s to l o g ic a l ly  a t  
a l l  ages from l a t e  i n t r a - u t e r i n e  l i f e  u n t i l  a d u l t  l i f e  (d i S an t Agnese 
and B lanc , 1956* Oppenheimer and E s te r le y ,  1975)» In c re a s e d  
in c id e n c e  o f d ia b e te s  m e l l i tu s  h as  a l s o  been re p o r te d  i n  o ld e r  p a t ie n t s  
(Lippe e t  a l ,  I 98O).
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2 .2  R e s p ira to ry  system
Over 80 per c e n t o f  th e  c y s t i c  f i b r o s i s  p a t ie n ts  r e v e a l  
them selves w ith  r e c u r r e n t  in f e c t io n  o f th e  r e s p i r a to r y  t r a c t  in  
th e  f i r s t  y e a r  o f l i f e  (D inw idd ie, 1980). T h is  pulm onary involvem ent 
i s  c h a ra c te r i s e d  by w heezing, coughing and s te r to r o u s  b re a th in g .
Lungs become b locked  w ith  in f e c te d  mucus. E xcess mucus r e s u l t s  
from an im balance between r a t e  o f  p ro d u c tio n  and r a t e  o f  c le a ra n c e  
(wood e t  a l . ,  1975)e th e  form er o u ts t r ip p in g  th e  l a t t e r .  R e sp ira to ry  
in s u f f ic ie n c y  and a t e l e c t a s i s  ( lu n g  c o l la p s e )  may be th e  consequences 
o f th e  e x c e ss  mucus. In  abou t 90 p e r cen t o f th e  p a t i e n t s .  
S taphylococcus au reu s  and Iheudomonas a e ru g in o sa  invade th e  r e s p i r a to r y  
t r a c t  ( s te r n  e t  a l , , 1978) and th e  organism s a re  b e l ie v e d  to  cause 
a t e l e c t a s i s  (L i^p y d -S till e t  a l . ,  1974) by p roducing  p h o sp h o lip ases  
which a c t  on pulmonary s u r f a c ta n t .  P ro g ress io n  o f pulirionary 
invo lvem ent becomes c h a ra c te r i s e d  by d ec reased  e x e rc is e  to le r a n c e ,  
ch ro n ic  p ro d u c tiv e  copgh, ta chypnea  and c lu b b in g  o f th e  f in g e r s .
T rea tm en ts  o f th e  a f f e c te d  r e s p i r a to r y  system  a re  by p h y sio th e rap y  
and a d m in is tra t io n  o f  a n t i b i o t i c s .  A n ti-S ta p h y lo co cc a l a g e n ts  such a s  
f l u c l o x a c i l l i n  a re  no rm ally  used  t o  t r y  to  c l e a r  th e  r e s p i r a to r y  
t r a c t  o f  in f e c t io n s .  Death o f  c y s t i c  f i b r o s i s  p a t ie n ts  f re q u e n t ly  
i s  th e  r e s u l t  o f pneum onia, a n o x ia  and ex h au s tio n  a f t e r  long  p e rio d s  
o f  r e s p i r a to r y  in s u f f ic ie n c y .
2 .3  E xocrine  g lan d s s e c r e t io n s  -  E cc rin e  sw eat and sa ,l iv a
The in c re a s e d  sodium and c h lo r id e  c o n c e n tra tio n s  o f  e c c r in e  sw e a t, 
f i r s t  d e sc r ib e d  by d i  S an t'A gnese  e t  a l .  (1953)* i s  th e  m ost c o n s ta n t 
a b n o rm a lity  in  c y s t i c  f i b r o s i s .  T h is  o b se rv a tio n  has become th e
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c o rn e rs to n e  o f a l l  th e  d ia g n o s t ic  methods o f th e  d is e a s e .  The most 
r e l i a b l e  method o f th e  "sw eat t e s t "  used  in  d ia g n o s is  i s  th e  p i.lo ca rp in e  
io n to p h o re s is  method o f Gibson and  Cooke (1959)«
TABLE IV ELECTROLYTSS IN EXOCRINE SECRETICHS
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Mandel I  e t  a l  
Amer.J . D is.
Qiiia m  (1967) 431
B o te llo  s  e t  a l  
J . P e d ia t
82  (1973) 601
The above Table c l e a r ly  shows th e  abnorm ally  h ig h  c o n c e n tra tio n s  
o f sodium and c h lo r id e  in  sw eat and  su b m a x ilia ry s a l i v a  o f  c y s t ic  
f i b r o s i s  p a t i e n t s .  The e l e c t r o l y t e s  have a l s o  been found to  be 
e le v a te d  in  p a ro t id  s a l i v a  from c y s t i c  f i b r o s i s  p a t ie n ts  (Rain J .  e t  a l .  
1979)» I t  was p o s tu la te d  t h a t  th e  ab n o rm a lity  cou ld  r e s u l t  from :
i )  abnorm al c o n c e n tra tio n s  o f io n s  in  th e  
p rim ary  s e c r e t io n s  o f a  g la n d ,
i i )  abnorm al h a n d lin g  of io n s  by th e  d u c t ,  
and i i i )  abnorm al p e rm e a b il ity  o f th e  d u c t to  w a te r .
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Experim ents by K a ise r e t  a l .  ( l9 7 0 ) and su b se q u en tly  by Mangos (1973) 
s t ro n g ly  su g g es ted  th e  p resence o f  a  f a c to r  in  sw eat o f c y s t ic
f i b r o s i s  p a t ie n ts  t h a t  d ec reased  th e  n e t  t r a n s d u c ta l  r e a b s o rp tio n  and
b a c k « d iffu s io n  o f sodium and c h lo r id e  r e s u l t i n g  in  abnorm ally  h ig h  
c o n c e n tra tio n s  o f th e s e  io n s  in  s e c r e te d  sw ea t. The r e l a t i o n  o f t h i s  
f a c t o r  t o  hum oral f a c t o r s  d em onstra ted  by c i l i a s t a t i c  b io a ssa y s  i s  n o t  
c le a r .
In  s a l i v a  a  sodium t r a n s p o r t  in h ib i to r y  f a c t o r  was dem onstra ted  
by Mangos (1973) aud T ay lo r e t  a l  (1974). The f a c t o r  was founds 
i )  n o t  to  be l in k e d  to  Na**" + ATlbse
i i )  n o t  to  be e l im in a te d  by d i a ly s i s
and i i i )  t o  be mimicked by p o s it iv e ly -c h a rg e d
p o ly c a tio n s  such a s  p o ly ly s in e  and p o ly o rn i th in e . 
From th e s e  c h a r a c t e r i s t i c s  i t  was p o s tu la te d  t h a t  th e  f a c t o r  was a  
p o s i t iv e ly  charged m acrom olecule. The r e l a t i o n  o f t h i s  f a c t o r  to  th e  
p o s i t iv e ly  charged m acrom olecule su b se q u en tly  dem onstra ted  by 
i s o e l e c t r i c  fo c u s in g  (W ilson and Fudenberg, 1975) o f c y s t i c  f i b r o s i s  
serum i s  n o t very  c l e a r .
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3» INGIDBNGB AND GENETICS
There a re  fo u r  c r i t e r i a  f o r  th e  d ia g n o s is  o f  c y s t ic  f i b r o s i s :
( I )  A p o s i t iv e  sw eat t e s t  (sw eat c h lo rid e  and sodium 
g r e a te r  th a n  60jiimol p e r l i t r e  « Gibson and Cooke, 1959)*
I t  i s  perhaps worth to  n o te  t h a t  th e re  a re  o th e r  c o n d itio n s  such 
a s  a d re n a l in s u f f ic ie n c y ,  fu c o s id o s is  and n eph rogen ic  d ia b e te s  
in s ip id ie s  t h a t  a re  a l s o  a s s o c ia te d  w ith  r a i s e d  le v e ls  o f  sodium 
and c h lo r id e .
( I I ) Chronic o b s tru c t iv e  pulmonary d is e a s e .  T his i s  p re se n t in  
a lm ost a l l  cases  and i t  i s  c h a ra c te r is e d  by p e r s i s t e n t  d ry  cough 
between a t ta c k s  o f  r e s p i r a to r y  in f e c t io n  and t h r o a t  c le a r in g .
( i l l )  E xocrine p a n c re a tic  in s u f f ic ie n c y  o ccu rs  in  80«90 per 
c e n t o f th e  p a t ie n ts .  Evidence o f  p a n c re a tic  in s u f f ic ie n c y  o r 
d y sfu n c tio n  i s  p rov ided  by :
(a) In c re a s e d  c o n te n t o f  album in in  meconium 
to  le v e ls  g r e a te r  th a n  20mg p er gram o f  
meconium.
(b) Reduced chym otrypsin , u s u a lly  below 
120 g p e r gram o f s to c k .
(c ) S evere  s te a to r r h e a  (lO-^Og f a t  p e r day 
compared to  4g f a t  p e r day in  norm al c o n t r o l s ) .
(IV) Fam ily H is to ry .
In  a d d i t io n ,  norm al b ic a rb o n a te  le v e ls  in  s to o ls  i s  g e n e ra lly  
reg a rd ed  a s  in d ic a t iv e  o f th e  absence o f c y s t ic  f i b r o s i s  (Hardon e t  a l ,
1968) .
In  c o u n tr ie s  w ith  predom inant C aucasian p o p u la tio n s , a  p a t ie n t  
w ith  c y s t i c  f i b r o s i s  i s  born  every  I 5OO-2OOO l i f e  b i r t h s  (N evin, 1978; 
P ro ss e r , 1979)* The r a c i a l  p r e d i le c t io n  o f th e  d is e a se  i s  c l e a r ly
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e v id e n t in  Table V below .
The d is e a s e  i s  in h e r i t e d  a s  an autosom al r e c e s s iv e  t r a i t  (d i S an t' 
Agnese and D av is , 1976; Super, 1979) ex p ressed  on ly  in  th e  homozygous 
s t a t e  w ith o u t X "linlcage, hence boys and g i r l s  a re  a f f e c te d  e q u a lly  
a lth o u g h  m ales may predom inate l a t e r  a s  a  r e s u l t  o f h ig h e r  m o r ta l i ty  
in  fem ales (S te m  e t  a l ,  1976; G urw itz e t  a l ,  1979). A fa m ily  w ith  
a  case  o f th e  d is e a s e  has 1 in  4  chance o f each fu tu r e  c h i ld  b e in g  
a f f e c te d  o r  norm al and 1 in  2 chance o f b e in g  a  c a r r i e r .
S tu d ie s  have p ro v id ed  ev idence o f norm al k aryo type  in  c y s t ic  
f i b r o s i s  (B lanc e t  a l ,  I 968) .  The t r a i t  i s  n o t  l in k e d  w ith  th e  ABH 
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4 . STUDIES IN SEARCH OF BASIC BIOCHEMICAL DEFECTS IN CYSTIC FIBROSIS
4 .1  T issu e  C ultu re
S e v e ra l s tu d ie s  have been conducted  on t i s s u e  c u l tu r e s  o f  
f ib r o b la s t s  from c y s t i c  f i b r o s i s  p a t ie n t s  and from th e  c o n f l i c t in g  
r e s u l t s ,  i t  i s  g e n e ra lly  consen ted  t h a t  f i b r o b l a s t s  a re  somehow 
a f f e c te d  by th e  b a s ic  d e f e c t  in  t h i s  d is o rd e r .  S ince  th e  r e p o r t in g  
o f  m etachrom asia in  c y s t i c  f i b r o s i s  f ib r o b la s t s  (Danes and  B earn ,
I 969I  many o th e r  c o n f l i c t i n g  and d is p a ra te  r e s u l t s  on RNA 
m é th y la tio n , chem ical com position  o f membranes and a c t i v i t i e s  o f 
lysosom al enzymes o f th e s e  c e l l s  have been r e p o r te d .
Evidence on th e  e x te n t  o f involvem ent o f  f i b r o b l a s t  membranes in  
c y s t ic  f i b r o s i s  i s  c o n f l i c t i n g  in  m ost in s t a n c e s , '  Of. p a r t i c u l a r  
i n t e r e s t  i s  th e  in c re a s e d  r e s i s ta n c e  o f  f i b r o b l a s t s  from c y s t i c  f i b r o s i s  
p a t ie n ts  to  c y to to x ic i ty  o f oubain (E p s te in  and B reslow , 1977), 
dexam ethasone (E p s te in  e t  a l ,  1977) and sex  s te r o id s  (Breslow  e t  a l ,  1978)- 
The b in d in g  c a p a c ity  o f  th e  drugs to  th e  c e l l s  were norm al (Breslow 
e t  a l ,  1978) '  A lthough th e se  o b se rv a tio n s  su g g e s te d  abnorm al 
f ib r o b l a s t  plasm a membranes, th e y  cou ld  n o t be confirm ed in  o th e r  
la b o ra to r ie s  (Kurz e t  a l ,  1979)* A lso worthy c o n s id e r in g  i s  th e  g r e a te r  
f l u i d i t y  o f  plasma membranes observed  in  f i b r o b l a s t s  from c y s t i c  
f i b r o s i s  p a t ie n t s  (C h r is t ia n  e t  a l ,  1977) and in c re a s e d  prem ature 
senescence o f f i b r o b l a s t s  from c y s t i c  f i b r o s i s  p a t ie n ts  (S hap iro  e t  a l ,
1979) .  A lthough th e  b u lk  l i p i d  f l u i d i t y  as r e f l e c t e d  by measurements 
o f  tem p era tu re -d ep en d en t t r a n s i t i o n s  and f lu o re sc e n c e  p o la r i s a t io n  o f 
l-acy l~ 2« (N “*4“n itro b en zO “2” O x a l,3 ,d ia z o le )  amino cap ro y l p h o sp h a tid y l c h o lin e  
(C h r is tia n  e t  a l ,  1977) was in c re a s e d ,  c r i t i c s  have been prompt to  p o in t 
ou t t h a t  th e  s tu d y  was conducted on f i b r o b la s t s  from a  s in g le  p a t ie n t
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and th a t  th e  probe u sed  was to o  b ig  to  a l ig n  i t s e l f  p ro p e r ly  w ith  
th e  membrane l i p i d s .  I n t e r e s t i n g l y ,  f lu o re sc e n c e  p o la r i s a t io n  
m easurem ents o f sm a lle r  p ro b e s , ^  - p a r in a r ic  a c id  and d ip h e n y l 
h e x a tr ie n e  (Dale e t  a l ,  1977) were unab le  to  show any d if f e re n c e s  in  
f l u i d i t y  between f ib r o b l a s t s  from c y s t i c  f i b r o s i s  p a t ie n ts  and 
th o se  from c o n tro l  s u b je c t s .
The abnorm ally  h ig h  cM P levels observed in  is o p ro te re n o l- s t im u la te d  
f i b r o b l a s t s  from c y s t i c  f i b r o s i s  p a t ie n ts  (Buckwald, 1976) seemed to  
su g g e s t abnorm al plasm a membranes o f th e se  c e l ls *  Subsequent 
in v e s t ig a t io n s  su g g es ted  abnorm al ^ ^ - r e c e p t o r  because p ro p ra n o lo l, 
a |3 2"L lo c k e r, in h ib i te d  th e  is o p ro te re n o l- s t im u la te d  accum ula tion  o f 
cAMP (Rosch e r e t  a l ,  1979)*
The b io ch em ica l a n a ly s i s  o f plasm a membranes has been t r a i l i n g  
b eh in d , presum ably because  o f la c k  o f adequate  methods o f i s o l a t i n g  
I)ure f i b r o b l a s t  plasm a membranes. The t r a d i t i o n a l  and most w idely  
used  methods based  on th e  o r ig in a l  procedure by Warren e t  a l  ( I 966) 
which employed f ix a t io n  o f  c e l l  s u r fa c e  w ith  heavy m e ta l e .g .  Zn p r io r  
to  d is r u p t io n ,  produced low y ie ld s  o f  plasma membranes h e a v i ly  
con tam inated  w ith  i n t r a c e l l u l a r  o rg a n e l le  membranes. With th e  r e c e n t  
in t ro d u c t io n  o f a  new method o f i s o l a t i n g  f i b r o b l a s t  plasm a membranes 
(K artn er e t  a l ,  1977)* th e  plasm a membranes have been a n a ly se d  f o r  
b o th  l i p i d  and p ro te in  co m p o sitio n s . No s ig n i f i c a n t  d if f e r e n c e s  in  
p h o sp h o lip id  and f a t t y  a c id  (R iordan and Buckwald, 1979) and p ro te in  
com positions have been found between c y s t ic  f i b r o s i s  f i b r o b la s t s  
and th o se  from c o n t ro ls .
I t  i s  perhaps w orth  m en tion ing  th e  f in d in g s  o f H o sli e t  a l ,  ( 1 9 7 7 )  
t h a t  a lk a l in e  phosphatase  was e le v a te d  in  c y s t i c  f i b r o s i s  f i b r o b l a s t s  
and th a t  t h i s  could  be induced  by Tam m -Horsfall g ly c o p ro te in .  Based
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on th e se  o b se rv a tio n s  th e y  p o s tu la te d  t h a t  Tamm H o rs f a l l  g ly c o p ro te in  
had  an abnorm al e f f e c t  on lyposomes o f c y s t ic  f i b r o s i s  f ib r o b l a s t s  
r e s u l t i n g  in  r e le a s e  o f  a lk a l in e  p h o sp h a tase , a  p ro cess  t h a t  a f f e c t s  
i n t r a c e l l u l a r  d ig e s t io n ,
4 .2  Humoral f a c to r s
The se a rc h  fo r  gene p ro d u c ts  in  c y s t ic  f i b r o s i s  le d  Spook e t  a l .  
(1967) to  make an e x c i t in g  o b se rv a tio n  t h a t  when serum from c y s t ic  
f i b r o s i s  homozygotes was added t o  c u l tu re d  e x p la n ts  o f  r a b b i t  t r a c h e a ,  
th e  synchronous b e a t in g  o f th e  t r a c h e a  c i l i a  r a p id ly  became 
d is o rg a n ise d . C on tro l serum had no e f f e c t .  S ubsequently , s im i la r  
in h ib i t io n s  o f c i l i a r y  m otion were dem onstra ted  in  o y s te r  g i l l s  
(Bowman e t  a l . ,  I 969) and in  o th e r  c i l i a t e d  system s such a s  f r e s h  w ate r 
m ussel g i l l ,  human sperm and c i l i a t e d  p ro to zo a . The c i l i a s t a t i c  
b io a ssay -sy s tem s  were f u r th e r  ex tended  by Cohen and D an ie l (1974) who 
dem onstra ted  t h a t  th e  m o tile  b a c te r iu m , P ro teus  v u lg a r is  was r a p id ly  
a g g lu t in a te d  by sm all sam ples o f c y s t i c  f i b r o s i s  serum . The f a c to r s  
presumed re s p o n s ib le  f o r  c i l i a r y  in h ib i t io n  have become knoim a s  c y s t ic  
f i b r o s i s  d y sld .nesis  f a c to r s  or c y s t i c  f i b r o s i s  f a c to r s  (CFP). The 
f a c to r s  have been dem on stra ted  in  many body f l u i d s  and c e l l  c u l tu r e s  
from c y s t i c  f i b r o s i s  homozygotes and h e te ro z y g o te s . The b a s is  f o r  
c i l i a r y  c e s s a tio n  a f t e r  exposure t o  c y s t ic  f i b r o s i s  serum i s  y e t  
unlmown b u t experim en ts have su g g e s te d  th a t  t h i s  m ight be connected  
w ith  th e  in c re a s e d  mucus p ro d u c tio n  (Conover and Gonod, 1978) and th a t  
th e  p ro cess  le a d in g  to  c e s s a tio n  o f  c i l i a r y  b e a t  m ight be l in k e d  w ith  
th e  observed  e le v a te d  up tak e  o f ca lc ium  by c i l i a t e d  ep ith e liu m  
(B ogart e t  a l ,  1979).
The m o lecu la r i d e n t i t i e s  o f  c y s t ic  f i b r o s i s  f a c to r s  a re  a s  y e t  
u n c le a r  b u t th e y  ap p ea r t o  be c lo s e ly  a s s o c ia te d  w ith  IgG^ (Boman
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e t  a l ,  1975) .  Because o f  l a b i l i t y  o f th e se  f a c t o r s ,  on ly  some o f 
t h e i r  p r o p e r t ie s  have been d e te rm in e d . The f a c t o r s  have been found to  
have m o lecu la r w eigh ts  o f  1 000 -  10 000, w ith  n e t  p o s i t iv e  ch arg e .
The f a c to r s  a re  h e a t  l a b i l e  and p re s e n t  in  b o th  homozygotes and 
h e te ro z y g o te s  d e s p ite  th e  f a c t  t h a t  h e te ro z y g o te s  show no symptoms. 
T h is  makes th e s e  f a c to r s  u n l ik e ly  to  be d i r e c t l y  l in k e d  w ith  th e  
secondary  e f f e c t s  o f  th e  d is e a s e  (Nagy e t  a l ,  1979).
U sing i s o e l e c t r i c  fo c u s in g , W ilson and Fudenberg (1975) were a b le  
to  d em o n stra te  a  c a t io n ic  p ro te in  o f  p i 8 .4  in  serum sam ples from 
c y s t i c  f i b r o s i s  homozygotes and h e te ro z y g o te s .  The r e l a t i o n  o f  t h i s  
c y s t i c  f i b r o s i s  p ro te in  to  th e  m u c o c ilia ry  in h i b i to r s  r e p o r te d  by 
o th e r  w orkers i s  n o t y e t  c l e a r .  T h is  c a t io n ic  p ro te in  may be 
somehow l in k e d  to  abno rm ally  e le v a te d  polyam ines observed  in  b lood  
o f c y s t i c  f i b r o s i s  p a t i e n t s  (B ay lin  e t  a l ,  I 98O ). R ecen tly  W ilson 
and Bahn ( I 98O) have r e p o r te d  t h a t  p e r ip h e ra l  le u c o c y te s  produced 
th r e e  c i l i a r y  d y s k in e s ia  su b s ta n c e s  t h a t  cou ld  be s e p a ra te d  by 
B io g e l 1^10 chrom atography. They su g g es ted  t h a t  one o f  th e  f r a c t io n s  
(F ra c tio n  I I I ) ,  m o lecu la r  w eigh t 9 000, cou ld  be C3a  because i t  co u ld  
be removed from sup^ernatan ts by a n t i s e r a  r a i s e d  a g a in s t  C^a. T his 
o b se rv a tio n  ag reed  w ith  e a r l i e r  r e p o r t s  by Conover and Conod (1973) 
t h a t  th e  m u c o c ilia ry  i n h i b i t o r  co u ld  be C3a. I t  i s  perhaps w orthy 
m en tion ing  a t  t h i s  s ta g e ,  t h a t  some c i l i a r y  d y s k in e s is  f a c to r s  have 
a l s o  been re p o r te d  in  s e r a  o f p a t i e n t s  w ith  a  v a r i e ty  o f  o th e r  
d is e a s e s  (conod and Conover, 1973)* I t  i s  n o t  y e t  c l e a r  w hether th e  
f a c to r s  a re  norm al p ro d u c ts  t h a t  accum ulate in  d is e a s e  s t a t e  because
o f la c k  o f norm al d e g ra d a tio n  o r  th e y  a re  abnorm al p r o te in s .
A lpha-2 -m acrog lobu lin  (oC^W) i s  one o f  th e  m ajor components o f  a
h e te ro g en o u s group  o f  serum p ro te in s  c o l l e c t iv e l y  known a s  th e  
a lp h a  g lo b u l in s .  I t  i s  a  g ly c o p ro te in ,  m o lecu la r w eigh t 725 000, t h a t
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r e g u la te s  a  v a r ie ty  o f  p r o te o ly t ic  enzymes which p a r t i c ip a te  in  
inflam m atory  and h o m e o sta tic  e v e n ts .  The m olecule can be d is s o c ia te d  
in to  fo u r  eq u a l su b u n its  o f m o lecu la r w eight I 85  000 when in c u b a ted  
w ith  a  re d u c in g  a g e n t, d i t h i o e r i t h r e o l  a t  37°0. VJhen th e  su b u n its  
a re  h e a te d  a t  90°0 f o r  30 m inutes in  SIS and m ercapJtoethanol, two 
p e p tid e s  o f  m o lecu la r w eigh ts  125 000 and 62 000 a re  produced.
A lpha-2 -m acrog lobu lin  i s  cap ab le  o f b in d in g  p ro te in a s e s  such a s  
t r y  l a i n , throm bin and c a th e p s in  B l, l e c t in s  l i k e  concan av a lin  A and 
phy tohem agglu tin in  and some m eta l io n s  e .g .  z in c , n ic k e l .  I t  i s  
a ls o  b e l ie v e d  to  i n h i b i t  ch em o tac tic  f a c to r s  e .g .  C3a. i s  unique
among th e  n a tu r a l ly  o c c u rr in g  p ro te a se  in h ib i to r s  a s  i t  b in d s  to  th e  
s i t e  o th e r  th a n  th e  a c t iv e  s i t e ,  th e re b y  p re se rv in g  th e  c a t a ly t i c  
p o te n t ia l  o f th e  p ro te a se  w hile  a t  th e  same tim e e f f i c i e n t l y  masking 
enzyme a c t i v i t y  a g a in s t  p ro te in  su b s ta n c e s . The p ro te in -p ro te in  complex 
form ed between and  i t s  enzyme i s  r e s i s t a n t  to  d is s o c ia t io n .
OlgM and a l .p h a -1 -a n t i try p s in  {(PC^ AT) a re  th e  m ajor p ro te a se  
in h ib i to r s  in  human serum , d i f f e r s  from c(jAT in  i t s  mechanism o f
in h ib i t i n g  t r y p s in  o r o th e r  p ro te a s e s .  The trypsin-cX ^^I complex 
r e t a in s  enzym atic a c t i v i t y  a g a in s t  su b s ta n c e s  o f  low m o lecu la r w eigh ts 
w hereas th e  trypsin-(Xj^^^AT comp^lex i s  en z y m a tic a lly  in a c t iv e .
A bn o rm alities  in  th e  in te r a c t io n s  between and p ro te a se s  have been 
re p o r te d  in  c y s t ic  f i b r o s i s .  W ilson e t  a l  ( I 976) r e p o r te d -a  d e f ic ie n c y  o f  
an o^^M -protease comp;lex in  plasma o f  p a t ie n ts  w ith  c y s t ic  f i b r o s i s  
and in  o b l ig a te  h e te ro z y g o te s . They su g g ested  t h a t  an ab n o rm a lity
in  th e  b in d in g  c a p a c ity  o f 06  to  plasm a p ro te a se s  m ight acco u n t f o r
th e  p resence o f  c y s t ic  f i b r o s i s  f a c t o r s .  The argum ent b eh in d  such a  
su g g e s tio n  was t h a t  p ro te a se  complex r e t a i n s  i t s  a c t i v i t y
tovrards low m o lecu la r w eigh t s u b s t r a t e s ,  th e re fo re  i t s  absence 
r e s u l t s  in  th e  appearance o f low m o lecu la r w eigh t p e p t id e s .  Subsequent
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and su p p o rtiv e  experim en ts  by S h a p ira  e t  a l  (1976) dem onstra ted  a  
d ecreased  b in d in g  o f  en d o p ep tid ases  toQ^^M from p a t ie n ts  w ith  
c y s t ic  f i b r o s i s .
E xperim ents by Ben Yoseph e t  a l  (1979) compared th e  carb o h y d ra te  
com position  o f  p ju rif ie d  from c o n tro l ,  c y s t i c  f i b r o s i s
homozygotes and h e te ro z y g o te s . They o b ta in ed  norm al amounts o f  t o t a l  
hexose b u t a s  much a s  40^ d ec re a se  in  s i a l i c  a c id  in  Q ÿ î from c y s t ic  
f i b r o s i s  p a t ie n ts .  They th en  compared th e  b in d in g  o f  c o n s ta n t amounts 
o f CYgM p re p a ra t io n s  to  in c re a s in g  amounts o f  agarose-bound  
concanavalin  A. The b in d in g  was s u b s t a n t i a l l y  d ec reased  in  
p re p a ra t io n s  from c y s t i c  f i b r o s i s  p a t ie n t s .  From t h i s  th e y  p o s tu la te d  
t h a t  th e  m utant form o f  was p robab ly  a  r e s u l t  o f  m u ta tio n  in
one o f th e  enzymes t h a t  s y n th e s is e d  and t h a t  t h i s  le d  to  a  d i f f e r e n t  
e x te n t  o f  b ran ch in g  o f th e  o lig o sa c c h a r id e  m oiety  o f t h i s  g ly c o p ro te in .
R ecent experim en ts  by Romeo e t  a l  ( I 98O) have n o t been a b le  to  
show any d if f e re n c e s  betw een c y s t ic  f i b r o s i s  p a t ie n ts  and c o n tro ls  in  
th e  b in d in g  o f to  t r y p s in  and a l s o  some p ro te a se  su b u n it 
c leavage  experim en ts  were unab le  t o  show any d if f e r e n c e s  betw een c y s t ic  
f i b r o s i s  p re p a ra t io n s  and th o se  from norm al c o n tro ls  (Burdon, I 98O).
Comings e t  a l  (1980) u s in g  two d im en sio n al e le c t ro p h o re s is  were 
unab le  to  show any m utant forms o f in  c y s t i c  f i b r o s i s  th u s
ex tended  th e  view t h a t  m ight be norm al in  t h i s  d is o rd e r .
In  t h i s  rep jo rt we a ttem p ted  to  show some c y s t i c  f i b r o s i s  p ro te in s  
in  s e ra  from c y s t ic  f i b r o s i s  p a t ie n ts  by th e  i s o e l e c t r i c  fo c u s in g  
method o f W ilson e t  a l  (1977)« We a l s o  sea rch ed  f o r  some c y s t i c  f i b r o s i s  
gene p ro d u c ts  in  whole serum by two d im ensional e le c tro p h o re s is  as  
d e sc r ib e d  by Anderson and Anderson ( I 977)» An a tte m p t h as  been made 
h e re  to  compare p e p tid e  maps o f  ppurified  from c y s t ic  f i b r o s i s  
p a t ie n ts  and c o n tro l  s u b je c t s  a s  a n a ly se d  by two d im ensional g e l  
e le c t r o p h o r e s i s .
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5 . m ultiple SCLEROSIS (MS)
5-1  G eneral Overview
M u ltip le  s c l e r o s i s  i s  an in flam m atory  d em y e lin a tin g  d is e a s e  found 
in  a  v a r ie ty  o f  c l i n i c a l  forms ra n g in g  from an e x a c e rb a tin g - re m it t in g  
course  to  a  ch ro n ic  p ro g re s s iv e  d is e a s e .  E p idem io log ic  s tu d ie s  
have uncovered  im p o rtan t c lu e s  ab o u t m u ltip le  s c le r o s i s  b u t th e  cause 
rem ains unlmown. The p ic tu r e  on aeiio logy i s  f u r th e r  com plica ted  by 
ex trem ely  v a r ie d  c l i n i c a l  p a t te r n s .  R isk  a re a s  have been d iv id e d  in to  
h ig h  (50 “ 100 cases p e r 100 000 p eo p le ) and low (5  « 10 c a ses  per 100 000 
peop le) r i s k  a r e a s .  A r e l a t i o n  e x i s t s  between p rev a len ce  o f 
m u ltip le  s c le r o s i s  and l a t i t u d e  o f b i r th p la c e  w ith  very  low in c id e n c e s  
in  th e  t r o p i c a l  a r e a s .  The r i s k  o f  develop ing  symptoms i s  age 
dependent w ith  a  peak a t  th e  age o f  30 y ea rs  and few cases  occu rin g  
b e fo re  th e  age o f  I 5  y e a rs  o r a f t e r  th e  age o f  60 y e a r s .  The d ise a se  
i s  very  r a r e  among b la c k  A frican s  and  O r ie n ta ls .
A c o n s is te n t  f in d in g  in  s e v e r a l  s tu d ie s  o f  m u lt ip le  s c le r o s i s  
p a t ie n ts  h as  been th e  s l i g h t l y  b u t  p e r s i s t e n t ly  e le v a te d  serum and 
c e re b ro s p in a l f l u i d  a n tib o d y  t i t r e s  to  m easles and le s s  commonly to  
o th e r  v iru s e s  such a s  v a c c in ia ,  mumps and h e rp es  sim plex  (H aire  and 
Hadden, 1970). These f in d in g s  su g g es ted  th a t  m u lt ip le  s c l e r o s i s  was 
a  v iru s  d is e a s e  w ith  e x a c e rb a tio n s  and re m iss io n s  r e f l e c t i n g  em erging 
a n t ig e n ic  v a r ia n ts .
A nother e s ta b l is h e d  f in d in g  i s  th e  in d u c tio n  o f inflam m atory  
d em y e lin a tin g  d is e a s e ,  r e la p s in g  ex p erim en ta l a l l e r g i c  e n c e p h a lo m y e lit is , 
in  im m unodeficient an im als  immunised w ith  c e n t r a l  nervous system  t i s s u e  
o r m yelin b a s ic  p r o te in . The f in d in g  su g g e s ts  t h a t  MS i s  an autoimmune 
d is e a s e  d i r e c te d  a g a in s t  c e n t r a l  nervous system  a n t ig e n s . The d i f f i c u l t y  
in  t r y in g  to  l in k  r e la p s in g  ex p e rim e n ta l a l l e r g i c  e n ce p h a lo m y e litis  (REAE)
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and m u lt ip le  s c le r o s i s  i s  t h a t  th e r e  i s  no co nv incing  ev idence o f 
autoim m unity to  CN8 a n t ig e n s  in  p a t ie n ts  w ith  m u lt ip le  s c l e r o s i s .
The h is to p a th o lo g ic  p ic tu r e  in  m u ltip le  s c l e r o s i s  i s  t h a t  o f 
dem yelina ted  le s io n s  c lo s e ly  re sem b lin g  th o se  o f c e l l  m ed ia ted  
immune r e a c t io n s .  The e a r ly  a c t iv e  le s io n s  c o n s is t  o f in flam m atory  
d em y elin a tio n  w ith  m ononuclear e x u d a te s . O lder le s io n s  c o n s is t  
o f  plasma c e l l s ,  m ature lym phocytes and a s t r o c y te s .  N o tab ly , le s io n s  
fo llo w  th e  co n to u rs  o f  th e  t h i r d  and  fo u r th  v e n t r i c le s  and s u l c i  o f 
c e re b ra l  h em ispheres. The le s io n s  t h a t  fu se  to g e th e r  to  form 
p laques c o n ta in  in c re a s e d  p ro p o r tio n s  o f  im m unoglobulins t h a t  a re  
produced lo c a l ly .  These im m unoglobulins app ea r in  th e  CSF and th ey  
a re  c h a r a c te r i s e d  by in c re a s e d  kappa to  lambda r a t i o  (O lhsson and L ink , 
1973)* When su b je c te d  to  e le c t r o p h o r e s is ,  th e se  im m unoglobulins 
show c h a r a c t e r i s t i c  d i s c r e t e  o r " o lig o c lo n a l"  p a t te r n  o f  bands (Johnson 
and N elson, 1977)<- T h is  f in d in g  i s  u sed  a s  one o f th e  t e s t s  f o r  th e  
d ia g n o s is  o f m u ltip le  s c l e r o s i s .  I t  i s  perhaps w orthy m ention ing  t h a t  
o th e r  d is e a s e s  e .g .  n e u ro s y p h il is  a l s o  show s im i la r  banding  p a t te r n ,  
b u t t h i s  d isa p p e a rs  w ith  tim e .
F a m ilia l  cases  a re  n o t  uncommon and th e  r i s k  o f  a  f i r s t  degree l i v in g  
r e l a t i v e  o f h av ing  th e  d is e a s e  i s  10 -  I 5  tim es  h ig h e r  th a n  in  th e  r e s t  
o f th e  p o p u la tio n . S ig n i f i c a n t  g e n e t ic  a s s o c ia t io n s  o f Ms w ith  
HLA”A3, HLA B7 and HLA-DW2 have been d e sc r ib e d .
R ecent o b s e rv a tio n s  have shown reduced  c a p a b i l i t i e s  o f  
lym phocytes from MS p a t i e n t s  to  produce in te r f e r o n s  and to  have red u ced  
n a tu r a l  k i l l e r  c e l l  a c t i v i t y  (Benczur e t  a l ,  I 98O). These o b se rv a tio n s  
seem n o t t o  be s p e c i f i c  f o r  MS because th e y  have been dem onstra ted  
in  o th e r  v i r a l  d is e a s e s .
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5 .2  Humoral F a c to rs  in  M u ltip le  S c le ro s is
A n tib o d ies  to  s p e c i f i c  m yelin  b a s ic  p ro te in  (MBP), m easles  and 
o th e r  v iru s e s  a re  found e le v a te d  in  b o th  serum and c e re b ro s p in a l 
f l u i d  o f  m u lt ip le  s c l e r o s i s  p a t i e n t s .  A so u rce  o f  c o n s id e ra b le  
co n fu s io n , though , i s  t h a t  MBP and m easles v i r u s  a n t ib o d ie s  c ro s s -  
r e a c t  in  some s e r o lo g ic a l  t e s t s .  One i n t e r e s t i n g  o b se rv a tio n  was 
t h a t  when MS p a t i e n t s ’ s e r a  were added to  m y e lin a ted  c u l tu r e s  o f  
nervous t i s s u e ,  m yelin  was d e s tro y e d  and m y e lin a tio n  in h ib i te d .  The 
re s p o n s ib le  " f a c to r s ” have n o t been f u l l y  c h a ra c te r i s e d  b u t th e y  
a re  presumed t o  be im m unoglobulins o r enzymes.
A f a c t o r  t h a t  i n h i b i t s  r ib o n u c le ic  a c id  (RNA) s y n th e s is  in  
lym phocytes from norm al donors has  been dem onstra ted  in  s e r a  o f  MS 
P a t i e n ts .  The f a c to r  i s  a l s o  known to  d ep ress  RWA s y n th e s is  in  
lym phocytes from m u ltip le  s c l e r o s i s  P a t i e n ts ,  a lth o u g h  to  a  l e s s e r  
degree  th a n  in  lym phocytes from norm al donors. The f a c to r  ap p ea rs  
m ost f r e q u e n t ly  d u rin g  a c u te  a t ta c k s  o f  th e  d is e a s e  (stjernholm  e t  a l .  
1970) and b l a s t  c e l l s  seem more s e n s i t i v e  to  th e  f a c to r  th a n  r e s t i n g  
c e l l s  (Burns e t  a l . ,  I 971 ) .  I h r i f i c a t i o n  o f th e  f a c to r  on Sephadex 
GlOO in d ic a te d  t h a t  th e  f a c to r  i s  com parable in  s iz e  to  human 
album in , n o n -d ia ly z a b le , s ta b le  to  p ro longed h e a t in g  in  serum b u t 
cou ld  be in a c t iv a te d  by ammonium s u lp h a te  p r e c ip i ta t io n  or lEAE- 
c e l lu lo s e  chrom atography (w hite  e t  a l . ,  1975)' R ecent r e p o r ts  
(Anderson e t  a l . , 1979) have shown t h a t  MS serum f a c to r  i n h i b i t s  RNA, 
INA and p ro te in  s y n th e s is  in  lym phocytes s t im u la te d  by PHA, GonA o r 
PWM to  undergo b l a s t  t r a n s fo rm a tio n .
G rossed im m unoelectrophoresis  and immunoele c tro fo c u s in g  
experim en ts  have r e c e n t ly  r e v e a le d  t h a t  from MS p a t ie n ts  s e r a  
was abnorm al (R asto g i and G lausen, 1980). The r e l a t i o n  betw een t h i s
f in d in g  and th e  serum " f a c to r s ” t h a t  i n h i b i t  le c t in - in d u c e d  RNA, DNA
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and p ro te in  s y n th e s is  i s  n o t y e t  c l e a r  a lth o u g h  (X^  i s  knovm to
( i )  b in d  p ro te a se s  t h a t  p la y  p o s i t iv e  r o le  in  
tra n s fo rm a tio n  p ro cesse s  o f  ly m p h o re tic u la r  c e l l s
and
( i i )  i n t e r a c t  w ith  v a r io u s  l e c t i n s .  The in t e r a c t io n  
in h i b i t s  m itogen re sp o n se  t o  l e c t in s  o f
ly m p h o re tic u la r  c e l l s .
In  t h i s  r e p o r t  MS sam ples were an a ly sed  by two d im ensional 
e le c t ro p h o re s is  in  an a tte m p t to  r e v e a l  MS serum " f a c to r s " .  (%^M 
p re p a ra t io n s  from th e s e  sam ples were a l s o  c h a ra c te r i s e d  by 
( i )  Im m unoelec tro focusing  and ( i i )  E le c tro p h o re s is .
EXPERIMENTAL
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6 o l M a te r ia ls
(a ) 5 .13  M u re a
3 0 .8g u re a
q . s .  100ml w ith  d i s t i l l e d  w ater
(b ) S tock  acry lam ide f o r  i s o e l e c t r i c  fo cu s in g
33s acry lam id e  
Ig  m ethylene b isac ry lam id e  
q . s ,  100ml w ith  d i s t i l l e d  w ater
(c ) F ix in g  s o lu tio n
75s t r i c h lo r o a c e t i c  a c id  (TGA)
25s s u lp h p s a l ic y c l ic  a c id  (SSA)
150ml e th a n o l
25nil g l a c i a l  a c e t i c  a c id
325MI w a te r
(d ) D es ta in in g  s o lu t io n
300ml e th a n o l 
650ml w a te r
50ml g l a c i a l  a c e t ic  a c id
(e ) Anode s o lu t io n  (A noly te)
5ml TEMED
q . s .  100ml w ith  double d i s t i l l e d  w ater
( f )  cathode s o lu t io n  ( c a th o ly te )
1ml 85^  (w/v phospho ric  a c id
q . s .  30ml w ith  double d i s t i l l e d  w ater
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(g ) S ta in in g  s o lu t io n
0 .5 s  Coomassie b lu e  R250 
225»il e th a n o l 
225)11 w a te r
50ml g l a c i a l  a c e t i c  a c id
(h ) 0 . 25M sodium phosphate b u f f e r  pH? .5
3-55^ (w /v) NagH10^ . 2H20
a d ju s te d  t o  pH7*5 w ith
3 *9^  (w /v) sodium dihydrogen phosphate
( i )  5nis/))il ch lo ram ide-T  s o lu t io n
0 .5 g  ch loram ide-T  
q . s .  100ml w ith  O.O5M sodium 
Ih o sp h a te  b u f fe r  pH7»5
( j )  F ix in g  s o lu t io n  f o r  s i l v e r  s ta in in g  
500ml m ethanol 
l 20ml g l a c i a l  a c e t i c  a c id  
380ml w a te r
(k) Gel expanding s o lu t io n  
100ml e th a n o l 
50ml g l a c i a l  a c e t i c  a c id  
850ml w a te r
(1 ) ïh raform aldehyde s o lu t io n  
800ml w a te r 
40g paraform aldehyde
1 4 .3 s  sodium cac o d y la te  a d ju s t  to  PH7 .3  
q . s .  1000ml w ith  w ate r
89
(m) C upric n i t r a t e - s i l v e r  n i t r a t e  s o lu t io n  
100ml d i s t i l l e d  w ate r 
3 «5g s i l v e r  n i t r a t e  
I . 511I  o f 0 . 5^  (w /v) cu p rio  n i t r a t e  
4 . 0ml p y r id in e  
8.0m l a b s o lu te  e th a n o l
(n) Diamine s o lu t io n  (made w ith in  5 m inutes o f  u s e ) :
30ml o f  1 9 *4^  (w/v) s i l v e r  n i t r a t e  
2 2 . 5))1 sodium-ammonium hydrox ide mixture"^ 
5 5 nl o f  20^  (v /v )  e th a n o l
^sodium-ammonium hydrox ide  m ix tu re
100ml o f  36^  (w /v) sodium hydrox ide 
45ml c o n c e n tra te d  ammonium hydrox ide
(0 ) Reducer I
100ml a b s o lu te  e th a n o l 
6ml o f 1% (w /v) c i t r i c  a c id  
2 . 5ml o f  3 . 7^  (v /v )  form aldehyde 
q . s .  1000ml w ith  w a te r
(p) Reducer I I
100ml a b s o lu te  e th a n o l 
5 nl o f 1^  (w /v) c i t r i c  a c id  
5 nl o f 3 *7^  (v /v )  form aldehyde 
q . s .  1000ml w ith  d i s t i l l e d  w ate r
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(g ) H io tog raph ic  re d u c e r
50ml s o lu t io n  A 
50ml s o lu t io n  B 
200ml d i s t i l l e d  w a te r
S o lu tio n  A
37g sodium c h lo r id e  
37g c u p rio  su lp h a te  
850ml w ate r
Few d ro p s o f conc, ammonium hydrox ide  
u n t i l  th e  b lu e  p p t r e d is s o lv e d » 
q . s .  1000ml w ith  d i s t i l l e d  w ate r
S o lu tio n  B
436g sodium th io s u lp h a te  
q . s .  1000ml w ith  w ate r
( r )  0.12M b a rb ito n e  b u f f e r  PH8 .6
2 4 .7g sodium b a rb ito n e
0 .2 g  sodium a s id e
800ml double d i s t i l l e d  w ater
A djust t o  pH8 .6  w ith  IM HGl
q . s .  1000ml w ith  double d i s t i l l e d  w ater
( s )  ag a ro se
2g a g a ro se  
0 .0 1  sodium a s id e
q . s .  100ml w ith  double d i s t i l l e d  w a te r .
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6 .2  Methods
6 .2 .1  P ro cess in g  o f s e ru m sam ples
Venous b lo o d , o b ta in e d  from c o n t ro l ,  c y s t i c  f i b r o s i s  p a t ie n ts  
and m u ltip le  s c l e r o s i s  s u f f e r e r s  was allow ed to  c l o t  f o r  4 -6  hours 
a t  4^C. The sam ples were th e n  c e n tr ifu g e d  a t  jOOOg f o r  10 m inutes 
a t  4°G. The serum sam ples were d iv id e d  in to  O .^n l a l iq u o ts  and 
k e p t fro zen  a t  -yo^G.
6.2*2  I s o e l e c t r i c  fo c u s in g
I s o e l e c t r i c  fo c u s in g  in  th in  la y e r  po lyacry lam ide g e ls  u s in g  th e  
LKB m u ltip h o r was perform ed ac c o rd in g  to  th e  method o f W ilson e t  a l  
(1977) .  The g e l  m ix tu re  employed was made up o f :
9ml s to c k  acry lam ide  s o lu tio n  (b )
0 . 3ml o f  3^  (v /v )  TEMED s o lu tio n  (e )
50ml o f  5 . 13'  ^ u re a  
2 . 9ml am pholines pH3 . 5-IO 
0.1m l am pholines pH2*5”4 
The m ix tu re  was f i l t e r e d  and th e n  degassed  and th e n  0.2m l o f  f r e s h  
10^  (w/v) ammonium p e rsu lp h a te  was added to  ach iev e  p o ly m e risa tio n .
The g e l  m ix tu re  was poured in to  th e  g e l  mould made up o f th r e e  g la s s  
p la te s  as  d e sc r ib e d  in  LICB a p p l ic a t io n  n o te  250. The g e l  was a llow ed  
to  s e t  f o r  1 hour a t  room te m p era tu re  and f o r  3 0  m inutes a t  4°G. A fte r  
s e t t i n g ,  th e  edges o f th e  g e l  were r e le a s e d  from th e  th i c k  g la s s  p l a t e . 
The p la te s  were th e n  s e p a ra te d  and th e  th in  g la s s  p la te  s u p p o rtin g  th e  
g e l  was s e a le d  on th e  c o o lin g  p la te  o f th e  m u ltip h o r by 1^  (w/v)
T r i to n  X-100.
P re fo c u s in g  T©s perform ed f o r  30 minutes a t  350 v o l t s ,  c o n s ta n t 
v o lta g e , u s in g  ^  (v /v )  TEMED in  double d i s t l l e d  w ater a s  th e  c a th o ly te
92
and  1/30  d i l u t io n  o f (w /v) phosphoric  a c id  a s  a n o ly te .  Samples 
were th e n  a p p lie d  on 3MM whatman chrom atography pads (7mm x 10mm) 
p la ced  ab o u t 5 ^  from th e  anod ic  s t r i p .  E le c tro fo c u s in g  was 
I)erfarmed a t  35 w a tts ,  c o n s ta n t power, f o r  1 ^ /4  h o u rs . The sample 
pads were n o t  removed u n t i l  th e  end o f th e  ru n . The te m p era tu re  o f 
th e  c o o lin g  w ater was k e p t between 4 -6 ° G.
6 . 2 .3  pH g ra d ie n t  m easurement
The pH g ra d ie n t  was m easured by s u rfa c e  pH e le c t r o d e ,  a f t e r  th e  
ru n . To a v o id  e r r o r s  caused  by edge e f f e c t s ,  th e  pH m easurem ents 
were done in  th e  c e n tre  o f th e  g e l  where no sam ples were a p p l ie d .
6 . 2 .4  F ix in g , s ta in in g  and d e s ta in in g  o f fo cu sed  g e l s .
A fte r  fo c u s in g , th e  g e ls  were f ix e d  by p la c in g  them o v e rn ig h t 
in  f ix in g  s o lu t io n  ( c ) .  The g e ls  were th en  a g i t a t e d  f o r  2 ho u rs  in  
s ta in in g  s o lu t io n  (g ) . F ix in g  and s ta in in g  were sometimes done 
s im u lta n e o u s ly  f o r  30 m inu tes over a  b o i l in g  w a te r b a th  in  a  s o lu t io n  
c o n s is t in g  o f  :
135g s u lp h o s a l ic y c l ic  a c id  
450g t r i c h l o r o a c e t i c  a c id  
4 . ^  Goomassie b lu e  R250 
2790ml w a te r 
1350ml m ethanol
D es ta in in g  o f  g e ls  m s  done in  s e v e r a l  changes o f d e s ta in in g  s o lu t io n  (d),
6 . 2 .5  S e le c t iv e  r a d io io d in a t io n  o f p ro te in s  in  t h in  la y e r  
po lyacry lam ide g e ls
In  an a tte m p t to  in c re a s e  th e  s e n s i t i v i t y  o f v i s u a l i s in g  p ro te in s  
w ith o u t i n t e r f e r i n g  w ith  t h e i r  i s o e l e c t r i c  p o in t s , a  method o f
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l a b e l l i n g  p ro te in s  a f t e r  fo c u s in g  in  th in  la y e r  po lyacry lam ide g e ls  
was d e v ise d . The method employed was a  m o d if ic a tio n  of th e  
ch loram ihe-T  method f i r s t  d e sc r ib e d  by Greenwood and H unter (1963)»
A 10^1 a l iq u o t  o f Na^^% s o lu t io n ,  approxim ate a c t i v i t y  
1.0mC i, in  0.25M, phosphate  b u f f e r  PH7 . 5 , was d is p e rs e d  in to  a  
d isp o sa b le  tu b e . 1 (^1  o f 5nig/ml chloramiia.e-T were added. The m ix tu re  
was a p p lie d  on s e le c te d  p o in ts  o f  g e l  s t r i p  c u t o f f  from th e  focused  
th in  la y e r  po lyacry lam ide  g e l  s la b  a lo n g  th e  pH g ra d ie n t .  A f te r  
10 m inutes th e  g e l  s t r i p  was t r a n s f e i r e d  in to  an SIfô sample b u f fe r  
c o n s is t in g  o f ;
2g STB
2ml 2-m erc ap to e th an o l 
lOg g ly c e ro l
q . s .  lOOml w ith  d i s t i l l e d  w ater 
A f te r  30 m inu tes th e  g e l  s t r i p  c o n ta in in g  l a b e l le d  p ro te in s  was 
s e a le d  on to  SIB s la b  g e l  f o r  second d im ensional ru n . 1.2mg/ml 
sodium m e tab isu lp b ^ te  was sometimes used  in s te a d  o f SIB sam ple b u f fe r  
t o  reduce ex cess  ch loram ine-T  and f r e e  io d in e . The second 
dim ension SDS g e l  e le c tro p h o re s is  was perform ed a s  d e sc r ib e d  e a r l i e r  
in  % r t  1 . A f te r  t h i s  ru n  th e  g e l  was d r ie d  and a u to -ra d io g ra p h ie d  
f o r  1 week.
6 .2 .6  Two d im ensional g e l  e le c tro p h o re s is  o f serum sam ples
T his was done a s  d e s c r ib e d  in  I h r t  1 w ith  th e  fo llo w in g  e x ce p tio n s
(1 ) The i s o e l e c t r i c  fo c u s in g  g e l  c o n ta in ed  0 . 05ml pH2.5”4 am pholines 
and 0,45111 pH3 «5"10 am pholines
(2 ) L in ea r g ra d ie n t  SDS g e ls  (7“2 ^ )  were u sed .
The coom assie b lu e  s ta in in g  was perform ed a s  d e sc r ib e d  e a r l i e r .
The s i l v e r  s ta in in g  was a l s o  perform ed.
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s i l v e r  S ta in in g ?
The procedure was c a r r i e d  ou t e s s e n t i a l l y  a cc o rd in g  t o  th e  
method d e s c r ib e d  by S w itz e r  e t  a l  (1979) a s  fo llo w s :
( i )  The g e l  was l e f t  o v e rn ig h t in  f ix in g  s o lu t io n  ( j ) .  The g e l  
sh ran k  in  t h i s  s o lu t io n ,
( i i )  To expand th e  g e l  t o  i t s  o r ig in a l  s i z e ,  i t  was p la c e d  in  
expanding s o lu t io n  (K) f o r  2 h o u rs .
( i i i )  The g e l  was th e n  washed f o r  15 m inu tes in  th r e e  changes o f 
10^  (v /v )  r e d i s t i l l e d  e th a n o l.
( iv )  The g e l  was th e n  a g i t a t e d  f o r  30 m inu tes in  paraform aldehyde 
s o lu t io n  (1 ) .
% raform aldehyde s o lu t io n  was p rep a red  by add ing  40g paraform aldehyde 
to  800ml w a te r  a t  60°C. A few d rops o f  sodium hydrox ide were added 
w ith  s t i r r i n g  to  f a c i l i t a t e  d is s o lu t io n .  1 4 .3g o f  sodium caco d y la te  
were added and th en  th e  s o lu t io n  was a d ju s te d  to  pH7«3 w ith  IM HGl.
The t o t a l  volume was th e n  made to  1000ml w ith  double d i s t i l l e d  w a te r.
(v) The g e l  was th en  washed f o r  I 5  m inutes in  th r e e  changes o f  10^ 
(v /v )  r e d i s t i l l e d  e th a n o l,
( v i)  The g e l  was l e f t  in  c u p r ic  n i t r a t e / s i l v e r  n i t r a t e  s o lu t io n  (m) 
f o r  30 m in u te s .
( v i i )  The g e l  was th e n  l e f t  f o r  10 m inu tes in  d iam ine s o lu t io n  (n) 
p rep ared  j u s t  b e fo re  u se  and d isp o se d  o f  im m ediately  a f t e r  u s e .
(v n i)  The g e l  was a g i t a t e d  f o r  2 m inu tes  in  re d u c e r  I  and f o r  JO m inu tes 
in  5 changes o f re d u c e r  I I .
( ix )  Background s t a in in g  was removed by p la c in g  th e  g e l f o r  few seconds 
in  p h o to g rap h ic  re d u c e r  (q ) . The g e l  was f i n a l l y  washed w ith  w ater 
and photographed f o r  perm anent r e c o rd .
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6 . 2*7 P re p a ra t io n  o f  a lp h a -2-n iao rog lobu lin
The p re p a ra tio n  o f  a lp b a -2-m acro g lo b u lin  was done e s s e n t i a l l y  
acc o rd in g  to  th e  method o f  B a r r e t t  e t  a l  (1979) « The procedure  used  
was a s  fo llo w s  :
( i )  20ml o f b lood  were c o l le c te d  in to  g la s s  c e n tr ifu g e  tu b e s  and
a llow ed  to  c l o t  a t  4°G f o r  4 -6  h o u rs .
( i i )  The serum was o b ta in ed  by c e n tr i fu g in g  b lo o d  a t  5000g f o r  
10 m in u te s ,
( i i i )  The serum was c o l le c te d  and s to re d  a t  -20°G u n t i l  r e q u ire d .
( iv )  I 2ml o f  serum were mixed w ith  3.4m l o f Z^o (w /v) p o ly e th y len e
g ly c o l  6000, pH 6 .5  and l e f t  to  s ta n d  fo r  a t  l e a s t  JO m inu tes a t  20°G.
(v) The p r e c ip i t a t e  form ed was c e n tr ifu g e d  a t  10 OOOg f o r  10 m inu tes
and d is c a rd e d .
( v i )  The su p e rn a ta n t was mixed w ith  8 .6ml o f  Z^q  (w /v) p o ly e th y len e
g ly c o l  6000 and l e f t  f o r  JO m inu tes a t  room te m p e ra tu re .
( v i i )  The p r e c ip i t a t e  form ed was c e n tr ifu g e d  a t  10 OOOg f o r  10 m inu tes
and th e  s u p e rn a ta n t was d is c a rd e d .
( v i i i )  The p r e c ip i t a t e  was d is s o lv e d  in  O.O5M T ris-H G l b u f f e r  pH8.0 
t o  a  t o t a l  volume o f 6 .0 m l. T h is  f r a c t io n  was ru n  on Blue Sepharose 
6b column (3*5 x 40cm) in  th e  same b u f f e r  and 2 . 5ml f r a c t io n s  were 
c o l le c te d  a t  a  r a t e  o f 10ml per h o u r. The p ro te in  pealts were d e te c te d  
by m easuring ab so rbances o f  th e  f r a c t io n s  a t  280nm. F ra c tio n s  c o n ta in in g  
th e  l e a s t  con tam inated  were d e te c te d  by g e l  e le c t ro p h o re s is .
These f r a c t io n s  were poo led  and c o n c e n tra te d . G oncen tra tion  was ach iev ed  
by s e a l in g  th e  pooled  f r a c t io n s  in  a  1cm d ia m ete r d i a ly s i s  tu b in g  and 
th e n  co v erin g  th e  tu b in g  w ith  p o ly e th y len e  g ly c o l 6OOO. T h is  was done 
a t  4 °G f o r  1 h o u r. The r e s u l t i n g  c o n c e n tra te d  s o lu t io n  was d ia ly s e d  
a t  4° G f o r  24hrs a g a in s t  1% (w /v) g ly c in e  pH6 .5  t o  p r e c ip i t a t e  im m unoglobulins.
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The d ia ly s e d  s o lu t io n  was spun a t  20 OOOg and th e  p r e c ip i t a t e  formed 
was d is c a rd e d . The su p e rn a ta n t was c o n c e n tra te d  a s  d e sc r ib e d  above 
t o  a  volume o f th e  s t a r t i n g  volum e. The r e s u l t i n g  s o lu tio n  
was an a ly se d  by i s o e l e c t r i c  fo c u s in g , SDS e l e c t r o p i o r e s i s ,  tw o- 
d im ensional g e l  e le c tro p h o re s is  and im m unoelectro focusing .
6 .2 .8  Im m unoelectrof ocusing  o f p re p a ra tio n s  from GE, MS and
c o n t ro l  sam ples
Im m unoelectrofO cusing combines e le c tro fo c u s in g  and Im m unoelectropho­
r e s i s .  E le c tro fo c u s in g  was done a s  d e sc rib e d  above f o r  serum sam p les .
Im m unoelec trophoresis :
P la te s  c o n ta in in g  a n t i -  OC^ M a n t ib o d ie s  were p rep ared  a s  foIIot-is î
( i )  2g ag a ro se  and O.Olg sodium az id e  were made up  to  100ml w ith
double d i s t i l l e d  w a te r . The m ix tu re  was h e a te d  over a  w a te r-b a th  
u n t i l  a l l  th e  ag aro se  had com ple te ly  d is s o lv e d .
( i i )  o f th e  above 2^ a g a ro se  was mixed w ith  an e q u a l volume 
o f 0.12M b a rb ito n e  b u f f e r  pH8 .6  a t  60°G. The m ix tu re  was a llo w ed  to  
co o l to  60°G and th e n  100/H o f anti-(X ^M  a n t ib o d ie s  were added.
( i i i )  The m ix tu re  was poured on t o  a  d e a n  g la s s  p la te  (8cm x 8cm)
and allow ed  to  s e t .
( iv )  A s t r i p  o f g e l  1cm wide c o n ta in in g  th e  fo cu sed  0 C2  ^ was l a i d
on th e  ^ a r o s e  a long  one edge o f  th e  g la s s  s l i d e .
Im m unoelec trophoresis  was perform ed f o r  18hrs from cathode to  anode 
u s in g  0.06M b a rb ito n e  b u f f e r  pH8 .6  a s  th e  e le c tro d e  s o lu t io n .  A fte r  
th e  ru n , th e  ag a ro se  g e l  was squeezed  by ap p ly in g  p re s su re  on f i l t e r  
papers co v erin g  th e  g e l .  The f i l t e r  papers were p ee led  o f f  and th e  g e l  
d r ie d  under a  c u r re n t  o f warm a i r .  The g e l  was th e n  s ta in e d  f o r  
1 hour in  Goomassie b lu e  s o lu t io n  made up o f :
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Jg Goomassie b lu e  R 
450ml 96^  e th a n o l 
100ml a c e t i c  a c id  
450ml double d i s t i l l e d  w ater 
D e s ta in in g  was done in  2 -5  m inu tes in  s o lu tio n  c o n s is t in g  of 
250ml o f  96^  e th a n o l 
100ml a c e t i c  a c id  









F ig u re  21 R e su lts  o f  i s o e l e c t r i c  fo c u s in g  o f whole 
serum in  a  pH 2 .5  “ 10 g ra d ie n t .  N, 
norm al c o n t ro l ;  CF, c y s t i c  f i b r o s i s  
hom ozygotes. The anode + and th e  





F igure  22 R e su lts  o f  i s o e l e c t r i c  fo c u s in g  o f whole 
serum from c y s t i c  f i b r o s i s  p a t ie n t s  and 
norm al c o n tro l  s u b je c t s .  20/ x l  sam ples 
were ru n . The pH g ra d ie n t  v a lu e s  as  







F igu re  23 Enlargem ent o f  p a r t  o f th e  c a th o d a l reg io n  
o f th e  po lyacry lam ide g e l  w ith  arrow s 
in d ic a t in g  th e  ix ^ s itio n s  of th e  c y s t i c  
f i b r o s i s  p ro te in s  (CFP).
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d i s t a n c e  (cm)
F igu re  24 R e s u lts  o f pH measurements from cathode to  
anode. Curve A i s  from 0.05m l pH 2 .5 “4' 
am pholines 0.07m l pH 3 .5  “ 10 am pholines 
in  15ml o f g e l  m ix tu re . Curve (b) i s  from 
0 . 05ml pH 2 ,5  -  4  am pholines and 0 .4 5  
pH 3 .5  -  10 am pholines in  10ml o f g e l 
m ix tu re .
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TABLE VI
PaESENCE OF CYSTIC FIBROSIS FACTOR IN HOMOZYGOTES































(a )  Wilson G« e t  a l  -  P e d ia tr  Res ^  (197?) 986
(b) Tuly G* e t  a l  ”• P b d ia tr  Res (1979) 1078
(c )  Our r e s u l t s





F ig u re  25 Two d im ensional g e l e le c tro p h o re s is
r e s u l t s  o f p a r t i a l l y  d en a tu red  serum from 
norm al c o n tro l  s u b je c t .  The p ro te in s  





F igu re  26 Two d im en sio n a l g e l  e le c tr o p h o r e s is
r e s u l t s  o f  p a r t ia l ly  denatured  serum from  





F ig u re  27 Mapping o f  th e  g e l  shown in  F igure  26.
The p ro te in s  were named acc o rd in g  to  
Manabe e t  a l .  -  J .  Bioch 8_3 (1979)
649. HP = H aptoglobin  ; Alb -  Albumin; ~ a l i h a - 2-m acro g lo b u lin  ;








F ig u re  28 A utorad iography  r e s u l t s  o f s e l e c t iv e ly  la b e l le d  
p ro te in s .  The p ro te in s  t h a t  focused  between 




F ig u re  29 D ensitom etry  re c o rd in g s  o f  SIB po lyacry lam ide 
g e l  e le c t r o p h o r e t ic  p e p tid e  p a t te rn s  o f serum 
I^ro te ins t h a t  focused  betw een pH 8 “ 9«








F ig u re  30 S e le c t iv e  l a b e l l i n g  o f H aptoglobin  (Hp);
T r a n s f e r r in  (T f) and Immunoglobulin G (ig G ).
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7 .1  I s o e l e c t r i c  fo c u s in g  o f serum sam ples
T y p ic a l r e s u l t s  o f  i s o e l e c t r i c  fo c u s in g  o f  serum sam ples from 
norm al c o n t ro l  s u b je c ts  and c y s t i c  f i b r o s i s  p a t ie n ts  in  a  pH2.^**10 
g ra d ie n t  a re  p re se n te d  in  f ig u r e s  21 -23 , The r e s u l t s  show g r e a t  
im provements in  bands r e s o lu t io n  when sm a ll sam ple s iz e s  (3“10/dL) 
were ru n . More th an  40 p ro te in  bands could  be r e s o lv e d  in  t h i s  system . 
The p a t te r n s  we o b ta in e d  were s im i la r  t o  th o se  o b ta in ed  by W ilson e t  a l  
( I 9 7 7 )  u s in g  th e  same p ro ced u re . I t  i s  e v id e n t from th e  f ig u r e s  
t h a t  th e  r e s o lu t io n  o f  in d iv id u a l  bands d ec reased  w ith  in c re a s e s  in  
sample s iz e s  and s in c e  th e  sample a p p l ic a t io n  pads were n o t removed 
d u rin g  th e  ru n , t r a i l i n g  o ccu rred .
The r e s u l t s  o f s c re e n in g  f o r  th e  c y s t ic  f i b r o s i s  f a c t o r  by 
i s o e l e c t r i c  fo c u s in g  o f  s e r a  from p a t ie n ts  and norm al c o n t ro l  
s u b je c ts  a re  p re se n te d  in  f ig u r e s  21 -  23• To a s c e r t a in  t h a t  th e re  were 
no f a l s e  n e g a tiv e  r e s u l t s ,  volumes o f  15"*59'^1 o f  each sam ple were 
a p p lie d . F ou rteen  c y s t i c  f i b r o s i s  and I 9 norm al c o n tro l  sam ples were 
sc reen ed  f o r  th e  CF f a c t o r .  F ig u re  23 shows th e  en largem en t o f  p a r t  
o f  th e  m ost c a th o d a l r e g io n  o f th e  po lyacry lam ide g e l s ,  Afrows 
in d ic a te  th e  p o s i t io n s  o f  th e  double p ro te in  bands o f th e  c y s t i c  
f i b r o s i s  f a c t o r .  The f a c t o r  fo cu sed  a t  PH8,3p a  v a lu e  t h a t  a g re e s  
w ith  th e  p i ' s  o f 8 .4  and 8 ,5  rep^orted  by Nevin (1978) and W ilson e t  a l  
( I 977) r e s p e c t iv e ly .  The pH g ra d ie n t  curve ( f ig u re  24 curve A) was 
e s tim a te d  w ith  a  s u r fa c e  e le c tro d e  a t  4^G, Of th e  14 sam ples from 
c y s t i c  f i b r o s i s  p a t ie n t s  o f  ages 3"15 y e a rs  and 19 from norm al c o n tro l  
s u b je c ts  s c re e n e d  f o r  th e  c y s t i c  f i b r o s i s  f a c t o r ,  s ix  o f th e  p a t ie n ts  
and fo u r  o f th e  norm al c o n t ro l  s u b je c t s  sam ples showed th e  e x t r a  
p ro te in  bands a t  pH8,5 (T able VI) ,  Samples t h a t  c o n ta in ed  s l i g h t  
haem olysis  seemed to  have some in te r f e r e n c e  o f  th e  banding  p a t te rn  a t
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th e  most c a th o d a l end.
The combined te c h n iq u e  o f i s o e l e c t r i c  fo c u s in g  and SDS g e l  
e le c t ro p h o re s is  under p a r t i a l l y  d is s o c ia t in g  c o n d itio n s  was adop ted  
h e re  to  a n a ly se  serum p ro te in s  from norm al c o n t ro l  s u b je c ts  and 
c y s t i c  f i b r o s i s  p a t i e n t s .  The f i r s t  dim ension i s o e l e c t r i c  fo c u s in g  
was perform ed in  a  pH2.5“ iO g ra d ie n t  on an LICB m u ltip h o r by th e  
method o f W ilson e t  a l  (1977)• The SDS g e l  e le c t r o p h o r e s is ,  in  th e  
second d im ension was perform ed in  a  Laemmli d isc o n tin u o u s  g e l  system  a s  
d e sc r ib e d  in  methods- The o p tim al volume o f serum used  in  t h i s  procedure 
was lC)ul. T y p ica l two d im ensional serum p ro te in  p a t te rn s  o b ta in ed  
a r e  shorn  in  f ig u re s  2 jr27«  Samples from seven c o n tro l  s u b je c ts  and 
f iv e  p a t ie n ts  were a n a ly se d  and compared. There a re  no c o n s is te n t  
d is t in g u is h in g  d if f e r e n c e s  betw een p a t ie n ts  and c o n tro l  sam ples- 
F ig u re  27 shows th e  mapping o f p ro te in  bands o b ta in e d  w ith  m ajor bands 
named a c c o rd in g  t o  Manabe e t  a l  (1979)-
We se a rc h e d  f o r  th e  c y s t i c  f i b r o s i s  p ro te in  by r a d io l a b e l l in g  th e  
p ro te in s  t h a t  fo cu sed  betw een PH8-0-9-0» To ach ie v e  t h i s  w ith o u t 
a l t e r i n g  th e  lÆ 's o f  p r o te in s ,  l a b e l l i n g  was perform ed a f t e r  
e le c tro fo c u s in g .  The ch lo ram ine-T  method was u sed  to  io d in a te  p ro te in s  
w ith  a s  d e sc r ib e d  in  methods - F igu re  28 shows th e  t y p i c a l  
ra d io g ra p h s  o b ta in ed  a f t e r  l a b e l l i n g  s e le c te d  re g io n s  o f th e  fo cu sed  
g e l . - Low m olecu la r w eigh t p e p tid e s  la b e l le d  ( in d ic a te d  by arrow s in  
F ig u res  28 and 29) p o s s ib ly  c o n ta in e d  th e  c y s t i c  f i b r o s i s  p ro te in .  
Scanning o f la b e l le d  bands (F igure  29) i a  an a tte m p t to  q u a n t i ta t e  them 
cou ld  n o t show any d is t in g u is h in g  d if f e re n c e s  betw een c o n tro l  and c y s t i c  
f i b r o s i s  sam ples, f r o t e i n s  t h a t  fo cu sed  between pH5 and pH6 were a l s o  
l a b e l le d .  The re g io n  c o n ta in ed  OC which i s  b e l ie v e d  to  be 
abnorm al in  c y s t ic  f i b r o s i s .  No d if f e re n c e s  co u ld  be observed  between 







F ig u re  31 Two d im en sio n a l g e l  e le c t ro p h o re s is  o f serum from 
a  c o n tro l  s u b je c t ,  l ^ / i l  o f sam ple were 
d en a tu red  in  SDS and m ercap to e th an o l and th en  




F ig u re  32 Same a s  in  F ig u re  3 I  excep t t h a t  2(^1 
o f serum were u sed .
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F ig u re  1? Diagram matic r e p r e s e n ta t io n  o f th e  g e l  shoim in  F ig u re  32« 
The m ajor p ro te in s  hands were named ac c o rd in g  to  
Anderson and Anderson (1977)*
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Fifflpe 14 Two d im en sion a l g e l  e le c tr o p h o r e s is  o f  2 0 /lL  




F igure IS  A p a t te r n  o f  p ro te in s  on a  l i n e a r  g r a d ie n t  g e l  
a s  in  F ig u re  3 I  e x c e p t t h a t  th e  serum p ro te in s  
were from a  c y s t i c  f i b r o s i s  p a t i e n t  and t h a t  
th e y  were v is u a l i s e d  by s i l v e r  s t a i n in g .
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Two d im ensional g e l  e le c tr o p h o r e s is  o f  
plasma p r o te in s . The sample was ZO/ÂL 
o f  plasma from a m u lt ip le  s c l e r o s i s  
p a t ie n t .
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F igure 17 Two d im en sion a l g e l  e le c tr o p h o r e s is  
o f  plasma p r o te in s  from a c o n tr o l  





F igure 38 Two d im en sion a l g e l  e le c tr o p h o r e s is  
o f  serum p r o te in s  from a  m u lt ip le  








F igure 39 S e c t io n s  o f  two d im en sion a l g e l s  showing  
CX M (a lp h a -2 -m a cro g lo b u lin ) and Gp 
(ceru lo p la sm in ) o f  c y s t i c  f i b r o s i s  p a t ie n ts  





F ig u re  40 S e c tio n s  o f two d im en sio n al g e ls  com paring 
sam ples from  c y s t ic  f i b r o s i s  and m u lt ip le  












F igure  41 S e c tio n s  o f two d im ensional g e ls  showing 
C3 a c t ,  C3 a c t iv a t o r ;  ftng, plasm inogen 












-H p - 0
F ig u re  42 S e c tio n s  o f two d im en sio n al g e ls  showing 
v a r ia n ts  of<^.AT, a l p h a - l - a n t i t r y p s in  ; 
and Hp)6 , h a p to g lo b in  ^ - c h a in s .









Figure  S e c tio n s  o f two d im ensional g e ls  showing
v a r ia n ts  o f h ap to g lo b in  CX-2 c h a in s  (Hp oc-2). 
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F igure  44 S e c tio n s  o f  two d im en sio n al g e ls  showing 
im munoglobulin 2T ,9 s  andl<  c h a in s .
E x tra  p e p tid e  i s  e v id e n t in  m u l t ip le  s c le r o s i s  
g e l  (a rro w s) .
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y . 2 TsfO d im en sio n a l g e l  e le c t r o p h o r e s is  under com plete d is s o c ia t in g
c o n d itio n s
Two d im ensional g e l  e le c t r o p h o r e s is  under com plete d is s o c ia t in g  
c o n d itio n s  in v o lv ed  ( I )  H ea tin g  2CJul o f  sample w ith  40/il o f Z% (w/v)
S D S /^  (v /v )  2"T nercap toethano l/10^  (w /v) g ly c e r o l .  ( l l )  I s o e l e c t r i c  
fo c u s in g  in  9M u re a /2 ^  (w /v) NP-40 and ( i l l )  SDS g e l  e le c tro p h o re s is  
in  7 - 2^  g r a d ie n t  g e l .  The p rocedu re  i s  ab le  to  s e p a ra te  
in d iv id u a l  gene p ro d u c ts , th u s  makes i t  a  s u i t a b le  method f o r  
a n a ly s in g  g e n e t ic  v a r i a n t s .  We used  th e  method to  a n a ly se  serum or 
plasm a sam ples from c y s t i c  f i b r o s i s  and m u lt ip le  s c l e r o s i s  p a t ie n ts  and 
c o n t ro l  s u b je c t s .  T y p ic a l r e s u l t s  o b ta in ed  a re  shown in  F ig u re s  31- 38 . 
O verloading  o f album in (F ig u res  32“38) was n e c e ssa ry  to  v i s u a l i s e  th e  
l e s s  abundant p e p t id e s .  Over 200 p e p tid e s  were v is u a l i s e d  in  
F ig u re s  32- 38 . A ttem pts to  improve d e te c tio n  by u s in g  th e  s i l v e r  
s ta in in g  method o f M e r r i l  e t  a l  (1979) were n o t  v ery  f r u i t f u l .  Though 
th e  s i l v e r  s ta in in g  method was s e n s i t i v e ,  th e  l e s s  abundant p ro te in s  
fad ed  w ith in  m inu tes o f s t a in in g  (F ig u re  35)* The o th e r  problem 
w ith  t h i s  method was th e  h ig h  q u a n t i t i e s  o f s i l v e r  n i t r a t e  needed -  
an expensive  m a te r ia l .  Comparisons o f p ro te in  p a t te rn s  o f sam ples 
from c y s t i c  f i b r o s i s  and m u ltip le  s c le r o s i s  p a t ie n ts  and c o n tro l  
s u b je c ts  were unab le  t o  show any d if f e r e n c e s .  C o n tro l s u b je c ts  
w ith  o th e r  n e u ro lo g ic a l  d is e a s e s  were a ls o  in c lu d e d . G enetic  v a r ia n ts  
were observed  b u t th e se  were n o t s p e c i f i c  f o r  e i t h e r  c y s t ic  f i b r o s i s  
o r m u lt ip le  s c l e r o s i s .  F ig u re s  39°44 show s e c t io n s  o f  th e  two d im en sio n al 
g e ls  w ith  some m ajor p ro te in s  named acc o rd in g  t o  Anderson and Anderson 
(1977)* F ig u re  39 shows id e n t i c a l  OC^ l p ep tid e  p a t te rn s  in  c y s t ic  
f i b r o s i s  and norm al c o n t ro l  sam p les. V a ria n ts  o f album in (F ig u re s  
31- 38 ) ,  t r a n s f e r r i n  (F ig u re  4 1 ) , h ap to g lo b in  ^  (F igure  42) and 
h ap to g lo b in  06 (F igure  4 3 ) ch a in s  were o b ta in ed  b u t were n o t r e l a t e d
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t o  th e  d is e a s e s  under in v e s t ig a t io n .  Of p a r t i c u l a r  i n t e r e s t  was th e  
e x t r a  p e p tid e  in  i m m u n o g lo b u l in c h a i n s  in  sam ples from m u ltip le  
s c le r o s i s  p a t ie n ts  (F ig u re  4 4 ). T h is  p ep tid e  was a l s o  p re s e n t in  
sam ples o f c o n t ro l  s u b je c t s  w ith  o th e r  n e u ro lo g ic a l  d is e a s e s .
7 ‘ 3 A nalyses o f 6Y ^-m acroglobulin p re p a ra tio n s  from c y s t i c  f i b r o s i s
and m u l tip le  s c l e r o s i s  p a t i e n t s .
Three m u ltip le  s c l e r o s i s ,  fo u r  c y s t ic  f i b r o s i s  and s ix  norm al 
c o n tro l  (X ^  sam ples were p rep a red  from serum sam ples o f p o ly e th y len e  
g ly c o l  (IEG) p r e c ip i t a t io n  and chrom atography on Blue S e ih a ro se  
G1”6b in  O.OjM T r i s -HCl b u f f e r  pH8.0 a s  d e sc r ib e d  in  m ethods. T y p ica l 
e lu t io n  p a t te r n s  o b ta in e d  a re  sho^-m in  F igure  45* The f i r s t  4  tu b e s ,  
(F igu re  45 ” curve a )  showing abso rbance  a t  280nm c o n ta in e d  
w ith  minim al co n tam in a tio n . F ig u re  46 shows th e  e lec tro p h o reg ra ra s  o f 
th e  f i r s t  seven  f r a c t io n s  c o n ta in in g  some p r o te in .  L a te r  f r a c t io n s  
(tu b es  24 and 30) n re  a l s o  shown to  p o r tra y  th e  co n tam in a tio n s  e lu t in g  
in  th e se  f r a c t io n s .
In c u b a tio n  o f sam ples a t  2 0 °G w ith  SDS sample b u f f e r
c o n s is t in g  o f Z% (w /v) SDS/5^ (v /v )  2 -m ercap to e th an o l/lO ^  (w /v) g ly c e ro l  
y ie ld e d  a  s in g le  p ro te in  band w ith  an a p p a re n t m o lecu la r w eigh t o f 
ab o u t 180 000 when a n a ly se d  by SDS g e l  e le c t ro p h o re s is  (F ig u re  47B).
The appearance of t h i s  band was coup led  by th e  d isap p ea ran ce  o f a  
double band d e s ig n a te d  a s  g- (YgM and F - w ith  a p p a re n t m o lecu la r 
w eigh t o f 725  000 (F ig u re  4-7A ). In c u b a tio n  o f w ith  SDS sample
b u f f e r  a t  95°G f o r  5 m inu tes produced two more p ro te in  bands w ith  
ap p a re n t m o lecu la r w e ig h ts  o f I 3O 000 and 62 000 (F igure  47G). Less 
abundant p ro te in  bands o f  a p p a re n t m olecu la r w eig h ts  110 000 and 
87 000 were j u s t  v i s ib l e  (arrow s in  F igure  48) in  GF and c o n t ro l  sam ples 
b u t th e se  were pronounced in  a l l  our MS sam ples (F igu re  4 8 ) . Heat
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induced  fragm en ts  o f p c e ia re d  from c y s t ic  f i b r o s i s  and norm al 
c o n tro l  serum sam ples were q u a l i t a t i v e l y  i d e n t i c a l  (F igure  48) a t  
l e a s t  w ith  r e s p e c t  to  th e  m o lecu la r w eigh ts  o f th e  p ro d u c ts . None o f th e  
norm al o r  GF sam ples t e s t e d  d e v ia te d  s ig n i f i c a n t l y  from t h i s  p a t te r n .
Two d im en sio n al e le c t r o p h o r e s is  (F ig u re  50 ) e,nd im m unoelectro 
fo c u s in g  (F ig u re  5^) o f  ^ 2 ^  from GF and norm als produced i d e n t i c a l  
p a t te r n s .  Im m unoeleo tro focusing  o f  (X^  from s e r a  o f  MS p a t ie n ts  






F ig u re  45 E lu tio n  diagram  o f f r a c t io n s  c o n ta in in g  
on sep h aro se  G1-6b . Curve A shows 
e lu t io n  p r o f i l e  a f t e r  îEG p r e c ip i t a t io n .  
Curve B shows p r o f i l e  f o r  th e  f r a c t io n a t io n  
o f  whole serum .
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F ig u re  46 Gel e le c t r o p h o r e s is  o f f r a c t io n s  t h a t  e lu te d  
from sep h a ro se  C1-6B column in  F ig u re  45A. 
F ra c tio n s  t h a t  e lu te d  e a r ly ,  tu b e s  l ^ - l f ,  
c o n ta in e d  w ith  m inim al co n tam in a tio n s .
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S -0L2M 
■ F -0C2 N
1 8 0  0 0 0
-180 000 
•130 0 0 0
6 2  0 0 0
F ig u re  47 SDS g e l  e le c tro p h o re s is  o f  (a ) n a t iv e  OCpM
(b) CX 2^ d en a tu red  in  SDS sam ple b u f fe r  
a t  rocan te m p era tu re  and (c )  h e a t  fragm en ts  o f  
CXpM. N ative  OCÆ was incuba 'tgd  wi'bh SDS 
sam ple b u f f e r  and h ea ted  a t  95 0 f o r  3 m in u tes .
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F igure  48 SIB g e l  e l e c t r o i t io r e s i s  6 f h e a t  fragm en ts 
o f f r om m u ltip le  s c le r o s i s  and c y s t ic  




F ig u re  49 I s o e l e c t r i c  fo c u s in g  of oCpM f r a c t io n s  
p rep a red  from s e r a  o f c y s t ic  f i b r o s i s  
p a t ie n t  and norm al c o n tro l  s u b je c t .




F igure SO Two d im en sion a l g e l s  o f  f r a c t io n s  from
normal c o n tr o l s u b je c t  and c y s t i c  f ib r o s i s  
p a t ie n t .
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F igure  Si Im m unoelec tro focusing  o f 0 ( ,^  from 
c y s t i c  f i b r o s i s  p a t ie n t .
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Fim ire  S2 Im m unoelec tro focusing  o f
f r a c t io n s  from m u ltip le  s c l e r o s i s  
I^ a tie n t.
1 ]6
a. DISCUSSIONS
A lthough c y s t ic  f i b r o s i s  i s  known to  be i n h e r i t e d  a s  an 
au tosom al r e c e s s iv e  t r a i t ,  th e  b a s ic  p roduct o f  th e  d e fe c t iv e  genes 
s t i l l  needs to  be i d e n t i f i e d .  C u rren t ev idence su g g e s ts  t h a t  a  
g e n e t ic  d e f e c t  in  an au tosom al r e c e s s iv e  d is e a s e  i s  r e s p o n s ib le  
f o r  a  change in  a  s in g le  enzyme o r o th e r  p ro te in  in  th e  body and 
t h a t  a  s p e c i f i c  c l i n i c a l  o r b io ch em ica l phenotype, in  t h i s  ty p e  
o f  in h e r i ta n c e ,  may be Produced by more than  a  s in g le  g en o ty p e . The 
phenomenon where a  phenotype i s  produced by more th a n  one genotype 
i s  term ed g e n e t ic  h e te ro g e n e i ty .  G en e tic  h e te ro g e n e ity  may 
r e s u l t  from a l l e l i c  o r n o n - a l l e l i c  m u ta tio n s; t h a t  i s ,  th e  common 
phenotype may be produced by more th an  a  s in g le  m u ta tio n  a t  one locus 
( a l l e l i c )  o r by m u ta tio n s  a t  d i f f e r e n t  lo c i  ( n o n - a l l e l i c ) .  A l le l ic  
m u ta tio n s  may be h o m o -a l le l ic  o r h e t e r o - a l l e l i c .  In  h o m o -a lle l ic  
m u ta tio n s , d i f f e r e n t  amino a c id  s u b s t i tu t io n s  occu r a t  th e  same p o in t 
in  th e  p o ly p e p tid e  w h ile  in  h e t e r o - a l l e l i c  m u ta tio n s , s u b s t i tu t io n s  
Occur a t  d i f f e r e n t  p o in ts  in  a  p o ly p e p tid e  c h a in . To d a te ,  no 
s in g le  le s io n  has proved to  p rov ide  a  u n ify in g  h y p o th e s is  f o r  th e  
p a th o g en es is  o f  c y s t i c  f i b r o s i s .  I f  more th a n  one a l l e l e  i s  in v o lv ed , 
d e f in i t io n  of th e  b a s ic  d e f e c t  w i l l  become f u r th e r  co m p lica ted . Many 
a b n o rm a lit ie s  such a s  pulmonary d is e a s e ,  g a s t r o i n t e s t i n a l  d is tu rb a n c e s ,  
p a n c re a tic  in s u f f ic ie n c y  and h ig h  c o n c e n tra tio n s  o f sw eat 
e l e c t r o l y te s  have been d e sc r ib e d , y e t ,  most o f th e s e  may be s e v e ra l  
step% removed from th e  u n d e rly in g  d e fe c t  ( s ) .  Knowledge o f th e  a l t e r e d  
gene p rod u c t i s  needed , n o t on ly  f o r  b ioch em ica l and im m unological 
d ia g n o s is  o f  h e te ro z y g o te s  and homozygotes b u t a l s o  f o r  g u id in g  th e  
way f o r  r a t i o n a l  th e ra p y . To d a te ,  on ly  some o f th e  sympboms can be 
t r e a t e d  o r a l l e v i a t e d .
13?
Probably  th e  most in t r ig u in g  f e a tu r e  o f c y s t i c  f i b r o s i s  concerns 
th e  e f f e c t s  o f f lu i d s  from  p a t ie n ts  on c i l i a .  The f e a tu r e  was 
f i r s t  d e sc r ib e d  by Spock and cow orkers in  I 967 a f t e r  o b se rv in g  t h a t  
serum sam ples from C.F. p a t ie n ts  caused  i r r e g u l a r i t i e s  in  c i l i a r y  
movements o f r a b b i t  t r e a c h e a l  e x p ia n ts .  S ince th e n  th e  p resence  
o f f a c to r s  in  serum and o th e r  body f lu i d s  from c y s t i c  f i b r o s i s  p a t ie n ts  
has been dem onstra ted  by:
(a ) Showing t h a t  serum and s e c r e t io n s  from ex o crin e  g lan d s  of 
c y s t ic  f i b r o s i s  homozygotes in h ib i te d  th e  re a b s o rp tio n  o f sodium
t h a t  n o rm ally  would o ccu r in  th e  r a t  p a ro tid  g la n d  (Mangos and M cSherry,
196? ) .
(b) I s o e l e c t r i c  fo c u s in g  o f whole serum in  th in  la y e r  
po lyacry lam ide g e ls  (W ilson e t  a l ,  1975). An e x t r a  double p ro te in  
band was observed  betw een pH8.4 and pH8 .6
(c )  I s o e l e c t r i c  fo c u s in g  fo llo w ed  by im m unoelectrophoresis  
(Manson and Brock, I 98O).
The b a s is  f o r  th e  p re s e n t in v e s t ig a t io n  a ro s e  from th e  r e p o r ts  
t h a t  a  c y s t i c  f i b r o s i s  f a c t o r - l i k e  p ro te in  cou ld  be dem onstra ted  
by i s o e l e c t r i c  fo c u s in g , in  th in  la y e r  po lyacry lam ide g e l s ,  o f whole 
serum and th e  IgG f r a c t io n  th e re o f  o f  in d iv id u a ls  homozygous and 
he terozygous f o r  th e  c y s t i c  f i b r o s i s  gene (Tuly e t  a l ,  1979). T his 
s tu d y  in v o lv ed  e le c t r o p h o r e t ic  a n a ly se s  in  an a tte m p t to  d e te c t  a  G«F. 
serum f a c t o r .  The b io p h y s ic a l  a s s a y  tech n iq u e  o f  Wilson e t  a l  (1977) 
was rep ro d u ced . In  a d d i t io n ,  e x te n s iv e  in v e s t ig a t io n s  u s in g  a  tw o- 
d im ensional e le c t ro p h o re s is  te ch n iq u e  and s e le c t iv e  l a b e l l i n g  were 
u n d e rta k en . The s ta n d a rd is e d  b io p h y s ic a l  a s sa y  o f  Wilson e t  a l  (1977) 
a s  rep roduced  in  our la b o ra to ry  en ab led  th e  d e te c t io n  o f c y s t i c  
f i b r o s i s  p ro te in  a t  PH8 . 5 , b u t in  on ly  40^ o f th e  p a t ie n ts  and 20^ 
o f  th e  norm al c o n t ro ls .  Tuly e t  a l  (1979) and W ilson e t  a l  (1977)
138
d e te c te d  th e  p ro te in  in  90^  and 100^ o f  th e  homozygotes r e s p e c t iv e ly .  
The d isc rep a n cy  between our r e s u l t s  and t h e i r  r e p o r t s  (Table VI) 
i s  n o t very  d e a r ,  perhaps s in c e  IgG le v e ls  were n o t determ ined  some 
sam ples m ight have been u n d e r- lo a d e d . This presum ably le d  to  f a i l u r e  
o f d e te c t in g  th e  c y s t i c  f i b r o s i s  p ro te in .  S e le c t iv e  l a b e l l i n g  
o f  p ro te in s  t h a t  fo cu sed  in  th e  pH8“9 range by th e  ch loraraine-T  
method and th e n  ru n n in g  th e  l a b e l le d  p ro te in s  in  a  second dim ension 
SDS g e l  g r e a t ly  im proved d e te c t io n .  The r e s u l t s  we o b ta in ed  were n o t 
a b le  to  d is c r im in a te  c y s t i c  f i b r o s i s  sam ples from  norm al c o n t ro l  ones. 
Assuming t h a t  th e  c y s t i c  f i b r o s i s  f a c t o r  d e te c te d  by i s o e l e c t r i c  
fo c u s in g  (W ilson e t  a l ,  197&) i s  id e n t i c a l  to  th e  c i l i a r y  in h i b i to r  
c h a ra c te r is e d  by Bowman e t  a l  (1975)> th en  th e  c y s t i c  f i b r o s i s  p ro te in  
would be ex p ec ted  to  have m o lecu la r w eight betw een 1000 and 12 000, 
be p o s i t iv e ly  charged and h e a t  l a b i l e  (Bowman, 1975» Conover e t  a l  
I 974) .  Our r a d io l a b e l l in g  procedure d e te c te d  p o s i t iv e ly  charged  
P ap iid e s  w ith  m o lecu la r w eigh ts  l e s s  than  9 000, b u t bo th  norm al 
c o n tro l  sam ples and c y s t i c  f i b r o s i s  sam ples co n ta in e d  th e s e  low 
m o lecu la r w eigh t p e p t id e s .  D en sito m etric  scans in  an e f f o r t  to  
q u a n t i ta t e  th e  p e p tid e s  in  t h i s  r e g io n  were c o n s is te n t  b u t no 
d if f e re n c e s  were d e te c ta b le  between c y s t ic  f i b r o s i s  sam ples and th o se  
from norm al c o n tro ls  ( f ig u re s  28 and 2 9 )« I t  h as  been p o s tu la te d  t h a t  
th e  c y s t ic  f i b r o s i s  f a c t o r  m ight be G3a (Conod and Conover, 1973)» 
an an a p h y la to x ic  component o f th e  immune complement system . G3a 
has a  m o lecu la r w eigh t o f 8 900 , i s  very  b a s ic  and i s  in a c t iv a te d  by 
a  p e p tid a se  t h a t  removes th e  G -term inal a rg in in e .  A d e f ic ie n c y  o f 
t h i s  enzyme m ight presum ably acco u n t f o r  th e  p resen ce  o f  c y s t i c  
f i b r o s i s  f a c t o r s .  I n t e r e s t i n g ly ,  in v e s t ig a t io n s  in  some la b o ra to r ie s  
have shown t h a t  plasm a from c y s t i c  f i b r o s i s  homozygotes had  one h a l f  
a s  much a rg in in e  e s te r a s e  a c t i v i t y  a s  d id  c o n t ro l  plasm a.
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The m ost im p o rtan t o b je c tiv e  in  c y s t ic  f i b r o s i s  r e s e a r c h ,  a t  l e a s t  
from  a  g e n e t ic  p o in t o f  v iew , i s  th e  i d e n t i f i c a t i o n  of a  dependable 
g e n e t ic  m ark e r. At p re s e n t  none o f th e  i d e n t i f i e d  b io ch em ica l 
a b n o rm a lit ie s  o f th e  d is e a s e  i s  c l e a r ly  r e l a t e d  t o  th e  symptoms and 
i t  i s  n o t a t  a l l  c l e a r  which o f th e  symptoms a re  n e a re r  t o  th e  
g e n e t ic  d e f e c t ( s ) .  An im p o rtan t g o a l f o r  g e n e t ic  re s e a rc h  sh o u ld  be 
t h a t  a l l  geno types be c l e a r ly  d is t in g u is h a b le  and any v a l id  t e s t s  
developed f o r  s c re e n in g  and g e n e t ic  co u n se lin g  be s p e c i f i c ,  
r e p ro d u c ib le ,  sim ple and in e x p e n s iv e . We, h e re  a ttem p ted  to  f in d  
g e n e t ic  m arkers of c y s t i c  f i b r o s i s  by a n a ly s in g  serum sam ples by two 
d im ensional e le c t r o p h o r e s is  te c h n iq u e  f i r s t  d e s c r ib e d  by 0*F a r r e l l  
(1975) and ad ap ted  by Anderson and Anderson (1977)0 T h is  te ch n iq u e  has 
two p r in c ip a l  ad van tages :
( I )  i t  d e a ls  a lm o st e x c lu s iv e ly  w ith  in d iv id u a l  gene p ro d u c ts , 
th u s  s im p lify in g  g e n e t ic  a n a ly s i s  o f  v a r ia n ts ,
(I I ) i t  combines two very  d i f f e r e n t  h igh  r e s o lu t io n  se i^ a ra tio n s  
g iv in g  a  combined r e s o lu t io n  b e t t e r  th a n  0 .1  charge u n i t  and
1 000 d a l to n s  f o r  a  p ro te in  o f av erag e  m o lecu la r w eigh t o f 50 000 .
The p ro te in  p a t te rn s  we o b ta in e d , a s  shown in  ou r r e s u l t s ,  were b a s ic a l ly  
th e  same f o r  c y s t ic  f i b r o s i s  homozygotes and norm al c o n t ro ls .
G enetic  v a r ia n ts  o f  a lbum in , h a p to g lo b in  oC and 0  c h a in s , (Xj^^-anti 
t r y p s in ,  t r a n s f e r r i n  and f ib r in o g e n ,  to  name b u t a  few , were observed  
b u t none o f th e se  seemed to  be r e l a t e d  to  th e  d is e a s e  under 
i n v e s t ig a t io n .  S ince th e  p ro te in s  were f i r s t  s o lu b i l i s e d  in  Z% 
sodium dodecy l s u l i h a t e / 5^  2-m ercap to e th an o l and b o ile d  f o r  5  m inutes 
and th en  b ro u g h t to  9 »5 m urea/10^  NP-40, h idden  charge change 
m u ta tio n s  were u n l ik e ly .  A lthough our r e s u l t s  d id  n o t show d i f f e r e n t  
I^ro tein  p a t te r n s  f o r  c y s t i c  f i b r o s i s  and norm al c o n tro l  sam p les , we 
co u ld  n o t r u le  o u t:
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( i )  th e  p resence  o f  m u ta tio n s  n o t  accom panied by changes in  
i s o e l e c t r i c  p o in ts  o r  m o lecu la r w e ig h ts ,
( i i )  th e  p resen ce  o f  charge-change  m u ta tio n s  b u t w ith  th e  
m u tan t p ro te in  m ig ra tin g  to  th e  same p o in t a s  an  abundant p ro te in  
t h a t  obscu red  i t ,
( i i i )  th e  p resence  o f  m utant p ro te in  to o  sm a ll t o  be re c o g n ise d  
and  re s o lv e d  in  th e  SIB g e l  u se d .
I t  i s  p o s s ib le  t h a t  a  m utan t p ro te in  m ight have been p re s e n t in  
sam ples from c y s t i c  f i b r o s i s  p a t i e n t s  b u t c o -m ig ra te d  w ith  am pholines 
t h a t  a l s o  s ta in e d  w ith  Coomassie b lu e .
What e x a c t ly  th e  c y s t i c  f i b r o s i s  p ro te in  i s ,  o r what i t  dPes 
in  th e  p a t i e n t  o r h e te ro z y g o te  o r what i t  d e r iv e s  from i s  s t i l l  
u n so lv ed . Even though i t  has been d em onstra ted  in  many body f lu id s  
and  t i s s u e s  in  c y s t i c  f i b r o s i s  s u f f e r s ,  t h i s  p r o te in  i s  g e n e ra l ly  
b e l ie v e d  n o t  t o  be th e  p rim ary  p ro d u c t o f th e  d e f e c t iv e  gene. The 
p ro te in  i s  b e l ie v e d  to  be a  b y -p ro d u c t o f m etabolism  form ed e i t h e r
(a )  o n ly  in  people c a r ry in g  th e  d e fe c tiv e  gene 
i . e .  homozygotes and h e te ro z y g o te s ,  o r
(b) in  b o th  p a t i e n t s  and norm al s u b je c ts  b u t n o t broken doim 
f u r th e r  in  hom ozygotes and  h e te ro z y g o te s .  S in ce  p ro te a s e s  a re  
r e s p o n s ib le  f o r  b re a k in g  doim p r o te in s ,  t h i s  may su g g e s t 
a b n o rm a li t ie s  in  e i t h e r  p ro te a se s  them selves  o r  p ro te a se  i n h i b i t o r s .  
R e c e n tly , N ad le r e t  a l  ( I 98O) have r e p o r te d  t h a t  MUGB-reactive p ro te a se s  
in  plasm a o f c y s t i c  f i b r o s i s  p a t ie n t s  and a m n io tic  f l u i d  su rro u n d in g
CF f e tu s e s  were d e f e c t iv e .  (MUGB = m ethyl u m b e life ry l  guanadino 
b e n z o a te ) .  T h is  f in d in g ,  though n eed in g  c o n f irm a tio n , has a  g r e a t  
p o t e n t i a l ,  n o t  on ly  f o r  con firm ing  CF s u f f e r e r s  b u t f o r  p r e n a ta l  
d ia g n o s is  o f  c y s t i c  f i b r o s i s  p a t i e n t s .
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Plasma p ro te a se  m e d ia to rs  o f  b lo o d  c l o t t i n g ,  f i b r i n o l y s i s ,  
complement g e n e ra tio n  and k in in  p ro d u c tio n  sh a re  a  common framework 
o f  enzym atic a c t iv a t io n  sequences and in h ib i t io n  by plasm a p ro te a se  
i n h i b i to r s .  A b n o rm alities  in  th e se  p ro te a se s  o r in  th e  fu n c tio n  o f 
t h e i r  plasm a in h i b i to r s  m ight lo g i c a l l y  be ex p ec ted  to  produce 
a l t e r a t i o n s  in  t i s s u e  membrane fu n c tio n s  and p e rm e a b il i ty .  D efec tiv e  
t r a n s p o r t  o f io n s  a c ro s s  th e  membrane i s  b u t one o f many p ro cesse s  
t h a t  may be a f f e c te d  by such  membrane a l t e r a t i o n s .  The two main 
p ro te a se  i n h ib i to r s  in  plasm a a re  a lp h a - l - a n t i t r y p s in  and a lp h a -2-  
m acro g lo b u lin . Much ev idence  e x i s t s  to d ay  t h a t  a lp h a -1 -a n t i t ry if â in  
i s  q u ite  norm al in  c y s t i c  f i b r o s i s  (Romeo e t  a l ,  I 98O). Our two 
d im ensional e le c t r o p h o r e s is  r e s u l t s  produced v a r ia n ts  o f a lp h a -1-  
a n t i t r y p s in  b u t th e se  were n o t r e l a t e d  to  c y s t i c  f i b r o s i s .  R epo rts  on 
th e  o th e r  main p ro te a se  i n h i b i t o r ,  a lp h a -2-m ac ro g lo b u lin , a re  c o n f l ic t in g .  
I t  was r e p o r te d  t h a t  in  m ost c y s t i c  f i b r o s i s  p a t i e n t s ,  an 
p ro te in a s e  complex was m iss in g  (S h ap ira  e t  a l ,  19?6) b u t r e c e n t  r e p o r ts  
(Romeo e t  a l ,  I 98O) have f a i l e d  to  confirm  t h i s  and a ls o  two 
d im ensional e le c t ro p h o re s is  o f p u r i f i e d  OC^ was n o t  a b le  t o  d e te c t  
m utant form s in  c y s t ic  f i b r o s i s  (Comings e t  a l ,  I 98O). Our r e s u l t s  
were n o t a b le  to  d i s t in g u is h  OL^ i^ rep ara tio n s  from c y s t ic  f i b r o s i s  
p a t ie n ts  from th o se  p rep a red  from norm al c o n t ro l  s u b je c ts  as 
a n a ly se d  by:
( I )  SIB g e l  e le c t ro p h o re s is  o f  h e a t  induced  frag m en ts .
(I I ) Two d im en sio n a l g e l  e le c tro p h o re s is  
and ( i l l )  Im m unoelec tro focusing .
In  t h i s  la b o ra to ry ,  p re v io u s  experim en ts  in  which CX^ M p re p a ra t io n s  
were d ig e s te d  w ith  t r y p s in  and th e  p roducts  a n a ly se d  by SDS g e l  
e le c t r o p h o r e s is ,  were n o t  a b le  t o  show any d if f e r e n c e s  between 
I)rep a ru tio n s  from c y s t i c  f i b r o s i s  and norm al c o n t ro ls  (Burden, I 98O).
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C oneluding Remark:
A lthough our in v e s t ig a t io n s  o f c y s t ic  f i b r o s i s  serum were 
v e ry  e x te n s iv e  and r e s u l t s  f u l l y  co n v in c in g , we s t i l l  rem ain 
open t o  th e  u n expec ted .
F u tu re  T re n d s :
( l )  The c e n t r a l  problem  s t i l l  rem ains t h a t  o f id e n t i fy in g  
th e  g e n e t ic  m arkers and th en  deve lo p in g  o b je c tiv e  and r e l i a b l e  methods 
o f  m easuring them.
( l l )  F in d in g  lo g ic a l  r e l a t io n s h ip  between observed  b iochem ica l 
a b n o rm a lit ie s  and symptoms and th en  d evelop ing  r a t i o n a l  th e rap y  
would be very  b e n e f i c i a l  to  th e  a f f e c te d  in d iv id u a ls .
( i l l )  One o f  th e  o u ts ta n d in g  q u e s tio n s  r e q u ir in g  answ ering  i s  
w hether c y s t ic  f i b r o s i s  i s  a  s in g le  d is o rd e r  or a  g roup  o f d is o rd e r s .
(IV) Almost a l l  c y s t ic  f i b r o s i s  p a t ie n ts  develop  in f e c t io n s  o f 
th e  r e s p i r a to r y  sy stem . In fo rm a tio n  on h o s t defense  mechanisms 
a g a in s t  b a c t e r i a l  in v a s io n s  i s  re q u ire d .
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